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FRONT COVER: Coal tipple near Glamorgan, Wise County, Virginia. Photograph by T.M. Gattright,IL
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COAL SAMPLE ANALYSES FROM THE SOUTHWEST VIRGINIA COALFIELD

Gerald P. Wilkesl, Linda J. Bragg2, Karen K. Hostettlerl,
Charles L. Oman2, and S. Lynn Colemanz

rhe virgi"," r,',,,:: :ffi 
":; 

Resources, in coopera-
tion with the U.S. Geological Survey, began a coal sampling
program in 1975 to assess the quality of Virginia coal. poi
each of the three-hundred seventy-five samples collected
from the SouthwestVirginia coalfield, more than one hundred
quality characteristics were determined. These include proxi-
male qnd ultimate analyses, physical properties, and major-
and minor-oxide and trace element concengations. Descrip-
tive and statistical information is provided by bed and sample
locations are depicted on both regional and detailed maps.

INTRODUCTION

Pennsylvanian coal ofthe Appalachian basin occurs in a
seven county area of Southwest Virginia. From I 975 to 1 9 g g
Virginia Division of Mineral Resources Dersonnel collected
375 samples from a six county area for^38 coal beds in the
Southwest Virginia coalfield (Figwes 1 and 2). Coal samples
were processed in the field and sent to laboratories for
chemical andphysical analyses. Descriptions of the sampled
coals and results of the analyses were entered into the U.S.
lgglogical Suwey's National Coal Resources Data System
(NCRDS).

Analytical results for 2lj samples collected through
1980 arereported in Virginia Division of Mineral Resourcis
Publication33 (Henderson and others, 1981-134 samples)
and Publication 63 (Henderson and others, 19g5--{3
samples). Due to recorrelation of coal beds based on detailed
mapping by the Virginia Division of Mineral Resources,
many of the coal beds reported in the aforementioned l9g1
and 1985 publications were renarned. This report reflects
those recorrelated name changes and presenG analytical
results for samples collected after 1980 as well as the results

for theprgyious 217 samples. Thecoal analyses are org arized
by ascending stratigraphic order of coal beds in the Southwest
Virginia coalfield {Figures 3 and 4).

Information for each coal bed is presented in tlie same
format, starting with a description of the coal bed which
includes local names, areal outcrop extent, 1989 production,
range of thickness, megascopic description, and aiynopsis of
analytical results. Following the coal bed description is a
regional map which shows all sample locations of the coal
bed in question. These maps have a topographic grid overlay
which relate to the topographic map names in figure 5.

l Virginia Division of Mineral Resources, Box 3667, Char-
lottesville, Y k ginia 22903.
2 U. S. Geologicai Survey, 956 National Center, Reston,
Virginia 22W2.

Figure 1. State and county index map of Southwest Virginia.
Grid indicates location of 7.5-minute quadrangle maps used
in this report (see Figure 5).

Figure 2. Areal distribution of coal samples.

Regional maps are not intended to give precise sample
locations, butrather to illustrate the dislribution ofthe collec-
tion points. Next are a series of rables devoted to the
analytical ptrameters of individual coal samples, and statis-
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Figure 4. Coal sample distribution by bed.

tical comparisons to other Appalachian basin coals where
applicable.

Three appendices are provided to enhance the use of this
publication. Appendix I contains I :50,000-scale topographic
map locations to be used in conjunction with the body oittre
paper (see Figure 5). Appendixll cross-references all identi_

{icatig-n numbers assigned to each sample, and Appendix III
describes the sampling procedure used by Virginii Division
of Mineral Resources field personnel.

In order to insure the comparability of the analytical data
derived from sampling, strict adherence to standardized pro_
cedures was mainfained throughout this study. The basis of
any work of this nature requires methodical and consistent
sampling and laboratory techniques in order forresults to be
meaningful.

l]lanalytical data presented in this report are available
in ASCII format on a 5.25-inch diskett Contact the Virginia
Division of Mineral Resources Sales Office in Charlottesville
for the price.
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COAL TESfiNG

Indusrial applications of coal require the raw material to
have only slight variance in chemical and physical properties.
Figure 6 illustrates some analytical parameters as tlrey relate
to the proper function of a steam boiler, For example, the
amount of sulfur contained in the coal will effect the amount
of scrubbing required of the flue gasses and therefore the
economy of the fuel. More will be discussed on this aspect
later in this paper. Coal character assessment, or coal quality,
is determined by standard analytieal methods. The most
frequently used methods ("classical analyses') are the proxi-
mat€ analysis (including air-dry loss), ultimate analysis, heat-
ing value (heat content), ash-fusion temperatures, free-swel-
ling index, and grindability. lvlajor- and minor-oxides and
trace element content of the ash and/or whole coal are useful
in assessing potential environmental impact and, from a
geologrc view, modeling paleoenvironments.

PROXIMATE ANALYSIS

_ , The proximate analysis, cornmonly use.d in industrial ap-
plications, include.s the percenage of volatile matter, fixed
carbon, ash, and moisture in coal. The fust two constituents,
volatile matter and fixed carton, contribute tc combustion
while ash and moisture are non-cornbustible. The relative
amount of each constituent dicates the suiability of the coal
as a fuel. Yolatile mailer is the gaseous matter, exclusive of
moisture, released during combustfuin (about 95f C). Vola-
tile matter consists of a mixnue of flammable gases including
hydrogen, carbon lnonoxide, methane, and carbon dioxide.
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82045'V}, 82030'W

Figure 5. Topographic quadrangle index map of the Southwest Virginia coalfield (7.5-minute).

Fixed carbon is the material that remains after all the
volatiles have been driven out of the coal. The fixed carbon
value is not a specific compound and is determined mathe-

matically by difference.
Ash is the inorganic residue remaining after the combus-

tion of the coal at a temperature of 700' 0o 750' C. It can be
intrinsic to the coal bed or introduced through external
conditions, such as roof- and floor-rock contamination. Ash
is primarily composed of compounds of silicon, aluminum,
and iron with lesser amounts of calcium, magnesium, and
alkalis.

Moisture (water) occurs in two ways: moisture inhercnt
to the coal bed and surface moisture introduced into the coal
by goundwater, rain, and coal preparation. The air-dry loss

is the weight loss, expressed in percent, resulting from air
drying the coal sample.

ULTIMATE ANALYSIS

The ultimate analysis is the composition of coal, in per-

cent, of ash, sulfur, carbn, hydrogen, nitrogen, and oxygen
(by difference). This elemental composition is used in vari-
ous industrial applications to provide a basis for evaluation of
the coal.

I{EATING VALUE

Coal varies in the amount of heat energy it releases

during the combustion process. In terms of the proximate

analyses, volatile matter contributes abut a third of the

heating potential and fixed carbon supplies the remainder.

Hish cbncentrations of the non-combustible components of

82015'W
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SULFUR
,*IlrPiidf

Mil&'"

HGI

ASH
SULFUR

TRACE
ELEMENTS

M M OXIDES

TRACE
ELEMENTS

HARDGROVE GRINDABILITY INDEX

Hardness of coal is a function of maturity, thickness of
homogeneous layers in fte coal, abundance of inorganic
matter, depositional, and postdepositional events which in-
fluenced peat deposition and coal bed formation. Most indus-
tial applications require the coal to be crushed and ground
before useandthe hardness of thecoal directlyrelates to wear
on crushing and grinding equipment. Boiler paru are also
eroded by the abrasion of coal particles entering the boiler
under pressure. The llardgrove grindability index (HGI)
mffNures the difficulty of grinding coal in comparison to a
standard (ASTM, 1982). Virginia's coals are generally high-
volatile and exhibit low HGI values. These coals are moder-
ately easy to pulverize.

MAIOR- AND MINOR-OXIDES AND
TRACEELEMENTS

lvlajor- and minor-oxide and trace element cotrcenua-
tions have been analyzed on ash- and whole-coat basis by the
U. S. Geological Suwey's Branch of Geochemistry follow-
ing the schematic shown in Table 1. Throughout the body of
this paper, the symbol for elemenfs and oxides are used for
sake of brevity. All U. S. Geological Survey analyses are per-
formed in Reston, Virginia, with the exception of U, which is
performed in Denver, Colorado. Table2 shows the symbols
usedforthe major- andminor-oxides, and the tace elements.

1gy"-6-. Relationship of analytical parameters to boiler operations. AFT = ash fusion temperature, Btu = British thermal unit,
HGI = Ilardgrove grindabililf index, M-M OXIDES = major- and minor-element oxides (Modified from Erwin and othen, 19g6.
Drawing courtesy of Virginia power Company).

ash and moisture will lower the potential heating value of the
coal. Laboratoryderived values for the heat of combustion
(heat content) of coal is expressed in British thermal unit per
pound of coal (Btu/lb.)

ASH.FUS ION TEMPERATURES

In order to predict slagging characteristics ofa coal, an
ash-fusion temperatue analysis is performed. A small cone
ofcoal ash is heated in a laboratory furnace at standardized
temperatues and pressures. As the tip of the cone begins to
melt, this marks the initial deformation temperature and
corresponds to early stages of slagging. The softening tem-
perature is the t€mperature when the cone melts to a spherical
lump where the height is equal to the width of the base. The
final stage is the fluid temperature at which the ash has melted
to a layer less than 1/16-inch thick. Ash will become molten
1nd fl9w at this temperature and may form slag and clinkers
in boilers.

FREE-SWELLING INDEX

- The free-swelling index gives an indication of the caking
characteristics ofthe coal. It is not generally used as an indil
cator of the. swelling properties of coal in carbonization proc-
esses. Caking during combustion in the boiler furnace can
cause heat loss by insulating steam tubes from the heat
source.

ffi-
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The element Hg is analyzed by flameless atomic absorption

and the element F is analyzed by specific ion elechode on the

wholo-coal. Cl and P are analyzed by x-ray fluorescence on

the whole-coal. Instrumental neutron activation analysis pro-

vides data for the following trace elements on a whole coal

basis: As, Br, Ce, Co, Cr, Cs, Eu, Hf, La, Lu, Rb, Sb, Sc, Se,

Sm, Ta, Tb, Th, W, and Yb. U is determined by delayed

neutron activation. Cd, Cu, Li, Mg, Mn, Na, Pb, andZn are

determinedby atomic absorption on coal ash. Optical emis-

sion specEographic analysis with automated plate reader

provides the following 32 elements on an ash-basis: Ag, Au,
-B, 

Ba, Be, Bi, Dy, Er, Ga, Gd, Ge, Ho, In, Ir, Mo, Nb, Nd, Ni,
Os, Pd, Pr, Pt, Re, Rh, Ru, Sn, Sr, Tl, Tm, V, Y, and Zr. The

following list of elements analyzed by the previous method

are founb to be below their detection limits for all 375

samples: Au, In, k, Os, Pt, Re, Rh, and Ru. Analyses f9r the

oxid-es Al.O,, CaO, Fe"O", K,O, SiO2, SO' and TiO, are

provided 5y'x-ray fluoiescence on coal ash. Data for the

bxides MgO, NqO, and MnO are calculated from the Mn,
Mg, and Na daa-provided by atomic absorption. Data tables

with a suffix of "c" provide the major- and minor-oxide data

on an ash basis. Tables with a suffix of "d" provide the

major- and minor-oxide data calculated to an elemental

whble-coal basis as well as the trace element data on a whole-

coal basis. The whole-coal determinations are performed on

air-dried coal (32{) and the ashed-sample determinations

were performed on coal ashed at 525f. Analytical proce:

dures used by the USGS are described by Swanson and

Huffman (1916).
Somo trace elements retained in fly ash, such as Ge and

Zn,may have economic potential (Cobb and othen, 1980).

The raie elements As, B, Pb, Mo, and Se are environmentally
hazardous; their excessive concentration in the a8nosphere

can contaminate surface and groundwaters (Harvey and

Ruch, 1986).

SI.ILFUR EMISSIONS

Simply stated, compliancecoal is rhatwhichdoes notex-
ceed EPA sulfur dioxide emission standards, without the

benefit of sulfur-reducing coal preparation. Public concern

for air quality was exemplified by the passage into law of the

eir Quality Act in 1953 and its' later revisions, the Clean Air
Acs of lgZO anA 1990. The United States Environmental
Protection Agency @PA) was created, in part, !o develop and

enforce regulations that maintain environmenially accept-

able emissions of man-made pollutants into the biosphere.

The "smoke stack" industries, especially coal-burning elec-

tric power generationplants, areparticularly affected by EPA
emiision limitations of sulfur dioxide, nitrogen oxides, and

particulate matter inm the atmosphere.
Coal-burning emission sources are currently operating

in compliance with ttre EPA's New Source Performance

Standards and it's amendments (EPA, 1989). Sulfw dioxide

emissions for power plants of greater than 250 million British

thermal units (Btu) consumption and constructedbefore 197 I
must emit at or below 2'64 pounds of sulfur dioxide per

million Btu. Those builtafter 1971 musthave emission levels

less than 1.2 pounds of sulfur dioxide per million Btu' Plants

built after 19?8 must also meet the 1 .2 sulfur dioxide limit and

additionally reduce the amount of sulfur in raw coal by 90

percont.^ 
The amount of sulfur which could potentially be released

during coal combustion may be reduced bejorg' during, or

after Jombustion in order to meet standards. Coal preparation

during and immediately after mining can reduce total sulfur

detvJred to the power plant. Utilization of limestone and

quicklime in the cbmbustion process will also reduce the total

u*oont of sulfur given off as the coal burns (Sweet and

others, 1987). Finally, various flue scrubber systems can

reduce total sulfur in stack gases. The quality of coal being

used as a fuel will dictate the amount and type of potential

emissions, and therefore ttre type of coal preparation'

Sulfur dioxide in stack emissions results from the chemi-

cal alterarion of sulfur forms which are natwally present in

coal. Sulfur occurs in three forms in coal: sulfide minerals

(also known as the pyritic fraction), as sulfate minerals, and

as organically bound sulfirr. Pyrite and marcasite are the

domiiant sulfide minerals found in coal andoccur as discrete

balls,lenses, and films. Reduction of sulfide sulfur of the coal

may be accomplished by physical means such as washing and

grnAing (Cavallaro and Deurbrouck, 1965). Indeed, if sig-

ilifi.ant-urnoonts of sulfide are extracted by cleaning, it may

be economical to produce sulfuric acid or elemental sulfur as

by-products (I-asaga, f981)' Also able to be physically re-

moved from the coal is the sulfate sulfur, which comprises a

relatively small percent of the total sulfur found in coal'

Organic-sulfur is intrinsically associated with the original

org-aoic matter from which coal was formed; it cannot be

seiarated from coal by mechanical means^but fortunately

.onriboet little to the total sulfur content of Virginia coals'

Calculation of potential sulfur dioxide emissions has

been demonstratedby Cavallaro and others (1976) by utiliz-
ing the equation:

Pounds SOrper million Btu = (20-080) (% tqld-splfur)

Cobb andothers (1982) showed thatthe sulfurand Btu values

can be derived from either the as-received, moisture-&ee, or

moisture- and mineral matter-free basis; the same result will
be obtained using any of these categories.

coAL BED DESCRTPTTON' LOCATTON'
AND ANALYTICAL RESULTS

EXPLANATIONOF TERMS USED IN TABLES
AND DISCUSSIONS

Elemental concentrations entered in tlre statistical sum-

mary tables (tables with suffixes e,f, g) are based on calcu-

lations utilizing only unqualified vahres, i.e., those which are

not modified b-y "Ln (less than), "G" (greater than), "B" (not

determined), "iI- llooked for but not found), and "H" (inter-
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Table .1. Flow diagram of procedures used for the 
-analysis 

of coal samples collected. (ASTM - American Society for Testing
Materials - analyses performed by U.S. Burearl of Mines, U.S. Depriment of Energy, and Geochemical Testing Company;
remaining analyses performed by the USGS - U.S. Geological Surviy.)

Raw coal as received (about
7 kg broken to 0.3 cm)

About 600 g of coal sptit
out for standard coaI analysis

crushed to -20 mesh

Remaining coal air dried
(fol. Lowing procedures conducted at

USGS as descnibed in col.ightl.y
and Simon, 1989)

Uttimate and proximate anatyses
(foI LoHing ASTM

designations, D-_, shown at
each procedure)

Sampte crushed to -60 mesh and then
ground in verticaI Braun putverizer
using ceramic ptates set to pass

100 mesh

About 2 kg ot
crushed coaI

sptit out for
storage

Raw gnound coal
Uttimate
anatysis
{D-3176'

Proximate anatysis
(D-3172)

Percent moisture,
votati Ie matter,

fixed carbon, and
ash

Ground coal (25 to 75 g) ashed at
525-C and percent ash caIcuIated

Moi sture

n

0
N

S (totat) llet chemicaI anatysis

Hg (flametess atomic
absorpt i on)

F (specific ion
electrode)

l.let chemi ca I
ana Iys i s
( atomi c

absorpt i on )

Optical emission spectrographic
anatysis lrith automated plate

reader. The fottoriing 32
elements are neported Hhen fourd

AA

Cu
Li
Mg

Mn

Na
Dh
7^

Ag
Au
o

Ba
Be
Bi
Dy
Ef

ud

Gd

Ge

Ho

In
Ir
l,lo
Nb
Nd
Ni
0s
Pd
Pr
Pt

Re
Rh

Ru
Sn
Sr
Tt
Tm

Zr

Neut ron
act i vat i

As
Br
Ce

Co

Cs

Eu
Hf
La
LU

Rb
sb
e^
5e
Sm

Ta
to
Th
U

w

Yb

X-ray fluor-
cence anatysis

At2o3

Ca0

FerQ.,

Kzo

si02

so3

T iO}

About 3 kg of
crushed coaI

sptit out for
petrotogic

analysis

Equi L ibrium
Moi sture
<o-1412>

Apparent specif ic gravity
(D-167, modified)

Catorific vatue
(D-3015)

Btu per pound
(Kca[ per kg)

Free swel I ing
i ndex

(D-720)

Fusibitity of ash
(D -'t875 )
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Table 2. Symbols for major- and minor-oxides, major- and
minor-elemenfs, face elements.

Major- and Minor-Oxides Major- and Minor-Elements

A,O. Aluminum oxide Al
Cab- Calcium oxide Ca
Fe"O" Fenic oxide Fe

KO 
- 

Potassium oxide K
MgO Magnesium oxide Mg
MnO Manganese oxide Mn
Na^o Sodium oxide Na
P"d. Phosphorus pentoxide P
sio: Silicon dioxide Si
SO,- Sulfur rioxide (sulfate)
Tid^ Titanium dioxide Ti

t

Trace Elements

Ag Silver Nb
As Arsenic Nd
Au Gold Ni
B Boron Os
Ba Barium Pb
Be Beryllium Pd
Bi Bismuth Pr
Br Bromine ft
Cd Cadmium Rb
Ce Cerium Re
Cl Chlorine Rh
Co Cobalt Ru
Cr Chromium Sb
Cs Cesium Sc

Cu Copper Se
Dy Dysprosium Sm
Er Erbium Sn
Eu Europium Sr
F Fluorine Ta
Ga Gallium Tb
Gd Gadolinium Th
Ge Germanium Tl
Hf Hafrrium Tm
Hg Mercury U
Ho Holmium V
In Indium W
Ir hidium Y
k Lanthanum Yb
Li Lithium Zn
Lu Lutetium Zr
Mo Molybdenum

ference for an element which cannot be resolved by any

routine method) , and only for those coal beds which have five
or more samples. In the statistical summary tables (tables

with prefix of e, f, and g), three dashes for the value "n"

indicates that all samples are below the detection limit for that
parameter. The geomeric mean is used because trace ele-

henB concentrations in natural materials commonly have

positively skewed frequency distributions. These frequency

disributions are normalized on a logarithmic basis and are

refsrred to as lognormal distributions. The unweighted geo-

metric mean (GM) is calculated by taking the logarithm of
each analytical value, summing the lo$arithms, dividing the

sum by the total numberof values, andthen obtaining the anti-

logarithm of fhe result.
The geome8ic means for the individual coal beds in

Souttrwesi Virginia are compared with the geometric means

of 5,262 bituminous samples for the Appalachian basin

which are stored in NCRDS's USCIIEM database. This data

set includes all sampled coal beds in the Appalachian basin.

For comparison puq)oses, a percent difference is calculated

between the geomeEic means. A geometric mean is consid-

ered to be substantially higher for 0re coal bed if the percent

difference between the geometric mean of the Appalachian

basin and the geometric mean of the coal bed is negative and

gfeater than or equal o 50 percent. It is considered to be sub-

stantlaUy lower for the coal bed if the percent difference for
the geometric means is positive and greater tlg or equal to

50 percent. Elements that are below the detection limits are

listed as looked for but not found for each bed; the substan-
rially higher and substantially lower elements are also listed.

There is no other interpreation of the data.

All samples were taken from the freshest exposures
possible and were collected using channel gryilin8 as sug-
gested by Schopf (1960) and ASTM (l-982). Unless other-

wise noied in the descriptive tables, all samples were col-
lected in a fresh condition. Terminology concerning the por-

tion of the cdal bed that was sampled follows that of the U. S.

Geological Survey (Tewalt, 1989). In this report, a split is a

coal ttrat is sepamted from other coal by one foot or more of
non-coal material. A bench has less than one foot of non-coal
parting material. The samples may or may notbecontiguous.
the ter*, partial, is used when only pafi of rtre coal bed is

sampled. A composite sample is when tw9 or more coal

samptes from different localities were combined into one.

Full thickness sample indicates that all the coal was sampled

from a complete coal bed. Descriptive terminology concern-

ing the condition of ttre roof in underground mines is rnodi-

fiJd from vtilici and Gathright, 1985. All tonnages are given

as short tons. Ash values of the proximate analyses and the

major and minor oxides may vary slightly due to analytical

testing by different laboratories.

Aluminum
Calcium
kon
Potassium
Magnesium
Manganese
Sodium
Phosphorous
Silicon

Titanium

Niobium
Neodymium
Nickel
Osmium
l€ad
Palladium
Praseodymium
Platinum
Rubidium
Rhenium
Rhodium
Ruthenium
Antimony
Scandium
Selenium
Samarium
Tin
Strontium
Tantalum
Terbium
Thorium
Thallium
Thulium
Uranium
Vanadium
Tungsten
Yttrium
Ytterbium
Zinc
Zirconium

BMASH

BTU/LB
c
H
N
o
s

Miscellaneous abbreviations and symbols
Sample ashed at 700' to 75OC by U.S. Bureau
of Mines (refened to in text as BMASH and
called ash in tables with suffix "b")
British thermal unit per pound of coal
Carbon
Hydrogen
Nirogen
Oxygen
Sulfur

USGSASH Sample ashed at 525'C by U.S. Geological
Surv-ey (refened to in text as USGSASH and

called ash in ables with suffix "a")
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POCAHONTAS FORMATION

POCAHONTAS NO.3 COAL BED

The Pocahontas No. 3 coal bed crops out in Tazewell County and occurs in the subsurface in Buchanan, Dickenson, Russell,
andWise Counties. The BurtonsFordcoalbedofRussell and ScottCountiesmaybe stratigraphically equivalenttothePocahontas
No. 3. In 1989, a togl of 9.3 million tons were produced from this coal, making it the most mined coal in Virginia (Virginia Di-
vision of Mines, 1990). Therange ofthickness is from 1.7 to 11 feet(Hendenon,i9791. Atlocarions sampledfortfrisreport (Figure
7), the average coal thiclness is from 4 to 5 feet. The coal displays a well-developei, very fine cleat and abundant thin banding.
Therg are usually two or more shale partings that have a coliectlue thickness less that 0.5 foot. Slickensides were noted at one
sample location where a rare sample of cone-in-cone structure in coal was collected by the senior author. This structure tras been

lntetp-Ttt9 T being related to earthquake activity at a time before lithification of the coal bed. The roof ar all sample localities
is stable shale containing abundant plant fossils. Methane gas readily escapes from the coal in the shaft mines and is conEolled
by in-mine ventilation *9 ty bleeding the gas through vefocal orilirrorcs phced in advance of mining.

The Pocahontas No. 3 coal bed is I low-sulfur, high fixed carbon coal and is Virginia's best coking-coal. Coke is produced
ftom the Pocahontas No. 3 at the Jewell Smokeless Coal Company coke onens on Dismal Creek, Buchanan County. Most
production comes from shaft mines in Buchanan County, which ari *r! deepest coal mines in Virginia (Figure 8). The mines have
an avenge depth of 1,500 feet and a coal elevation within tens of feet above sea level.

The description and location data are available in Table 3a. Analyses of 10 samples from the Pocahontas No. 3 coal bed are
reported in Tables 3b, 3c, and 3d. Statistical summaries are included in Tables 3e, 3f, and 39. In addition to the previously listed
elements which are below the detection limits for all375 coal samples, Bi, Ho, Pd, Tl, and-Tm are found to be below detection
limits in the Pocahontas No. 3 coal samples. The elements Dy, Pn, Rb, and W have less than five values, therefore the means were
notcalculated' In comparing the geometic means of these 10 samples of the Pocahontas No. 3 coal bed in Tables 3e, 3f, and 39
with the geometric means of the 5,262bituminous coal samples from the Appalachian basin, CaO, MgO, NarO, tunb, iO' nr,
and Cl are found to be substantially higher for the Pocahontas No. 3 samples. The geomenic means for B, C"rl, Ga, Ge, Hg, sn,
Zn, moisture' oxygen' sulfur, pyntic sulfut, and air-dried loss in the Pocahontas No. 3 coal samples are determined to be
substantially lower tlan the geometric means for the samples in the Appalachian basin.

Figure 7. Iocations for samples from the pocahonms No. 3
coal bed, SW VA.

Figure 8. Virginia Pocahonas No. 4 mine complex of the
Island Creek Cml Company. This and other shaft mines in
Buchanan County are mining the Pocahontas No. 3 coal bed.
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POCAHONTAS FORMATION

POCAHONTAS NO.3 COAL BED

The Pocahontas No. 3 coal bed crops out in Tazewell County and occurs in the subsurface in Buchanan, Dickenson, Russell,
andWise Counties- The BurtonsFord coalbedofRussell and ScottCounties maybe stratigraphicallyequivalentto thePocahontas
No. 3. In 1989, a toal of 9.3 million tons were produced from this coal, making it the most mined coal in Virginia (Virginia Di-
visionof Mines, 1990). Therangeofthiclnessisfrom 1.7 to 1l feet(Henderson, t9791. ntlocations sampledforthisreport(Figure
7), the average coal thiclness is from 4 to 5 feet. The coal displays a well-developed, very fine cleat and abundant thin banOing.
There are usually two or more shale partings that have a collective thickness less that 0.5 foot. Slickensides were noted at one
sample location where a rare sample of cone-in-cone struchre in coal was collected by the senior auilror. This structure has been
interpreted as being related to earthquake activity at a time before lithification of the coal bed. The roof at all sample localities
is stable shale containing abundant plant fossils. Methane gas readily escapes from the coal in the shaft mines andis con6olled
by in-mine ventilation and by bleeding the gas ttrough vertical drill hobJplaced in advance of mining.

The Pocahontas No. 3 coal bed is a low-sulfur, high fixed carbon coal and is Virginia's best coking-coal. Coke is produced
from the Pocahontas No. 3 at the Jewell Smokeless Coal Company coke ovens on Dismal Creek, Buchanan County. tvtost
production comes from shaft mines in Buchanan County, which are ttre deepest coal mines in Virginia (Figure 8). The mines have
an avenge depth of 1,500 fept and a coal elevation within tens of feet above sea level.

The description and location data are available in Table 3a. Analyses of 10 samples from the Pocahontas No. 3 coal bed are
reported in Tables 3b, 3c, and 3d. Statistical summaries are included in Tables 3e, 3f, and 39. In addition to the previously listed
elements which are below the detection limits for all375 coal samples, Bi, Ho, Pd, Tl, and-Tm are found to be below detection
limits in the Pocahontas No. 3 coal samples. The elements Dy, Pn, Rb, and W have less than five values, therefore the means were
not calculated. In comparing the geomeric means of these 10 samples of the Pocahontas No. 3 coal bed in Tables 3e, 3f, and 39
with the geomenic me:ms of the 5,262bituminous coal samples from the Appalachian basin, CaO, MgO, NarO, MnO, Se, Brl
and Cl are found to be substantially higher for the Pocahontas No. 3 samples. The geomenic means for B, Ci, Ga, Ge, ttg, Sn,
Zn, moisture' oxygen' sulfur, pyntic sulfur, and air-dried loss in the Pocahontas No. 3 coal samples are determined to be
substantially lower than the geometric means for the samples in the Appalachian basin.

Figure 7. Locations for samples frrom the pocahontas No. 3
coal bed, SW VA.

Figue 8. Virginia Pocahonas No. 4 mine complex of the
Island Creek Coal Company. This and ottrer shaft mines in
Buchanan County are mining the Pocahontas No. 3 coal bed.
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Table 3e. - -Arit\::i. f:1:, _?!:::y"d-13.q" t -and, geomerric meal of proximare andultimate analyses, heat conten', rorms or surF;;'l-;;a-";ili.r!tot cemperaruresfor 10 bitumiirous'coa'l sample- fror-it'"-FolJfro"ris No. 3 ";;i-u.a,=$5iiff;;:;"Virginia. For comparison the "iii6mJ-Ci"-"na"e.ornerric *"i""-oe-;t'";;;1--;;;"drill core sampres'ot-litn*i"o.t" 
"o"r-rio* 

-tr.3"ai,pii".rri"i"uasin 
are included.

[A11 values are i]-q:I":l! 9:9.g!_!!y/lU, KcaL/kg, as!.r-fusion.remperarures,and
free-,:wel1ing index and are ieported on_an 'as-received basis.*';F*:*0f\';i"* zz;Kcal/kg : 0.5s6 Btu/lb; (n) is'number-or-""rpr;;-;;;-;"r"ilJi.r. t- '/ -

Pocahontas No. 3 coal bed Appalachian basin

Arith.
mean

Observed range

Min. Max.
Arith. Geom.
mean mean

Geom.
mean

tnt

Proximate and ultimate analyses

Moisture
Volatile

matcer
Fixed

carbon
Ash
!Yd5ogenuarDon
Nitrogen
uxygen
Sultur

L.5Y

19.18

7l-.41
7.96
4. 31

81. B2
1. 11
4.LI

.od

0. 80

15.30

61. s0
3 .6/+
3.99

74.80
1 .00
2.90

.40

2.50

32.20

76.86
16.00
5.10

85.76
L,L7
7 .30

.90

L.32

T8.76

7L.3L
Aat
4. 30

8L.74
1.10
3.98

.66

32.46

52.48
11. B3
5.02

7A .69
1.39
8.92
2.15

2 .69

3L.72

5I .16
9.83
5.00

70.L]
\.37
8.22
1.53

(4 ,7 60)

(4 ,7 60)

(r0)
(10)

(4 ,7 60)
(4 ,7 60)
(4 ,7 60)
(4 ,7 60)
(4,757)
(4 ,7 56)
(4,974)

( 10)
(10)
(10)
(r0)
(10)
( 10)
(10)

Heat eontent

KCaI/kz
Btu/lb-

( 10)
(10)

7 ,849 7,138
L4,LL7 12;838

8,2L4 7 ,g4]-
14 ,17 3 14 , 103

7,030 6,979
L2,644 12,553

(4 ,7 59)
(4 ,7 59)

Forms of sulfur

Sulfate
Pyritic
Oiganic

0. 03
.T7
.48

0. 01
.02
.40

0.09
.Jd
.60

0.03
.1-3
.47

0. 0B
1.36

.82

0.04
.65
.74

( 10)
( 1o;
(10)

(4,245)
(4,392)
(4, 393 )

Ash-fusion temperature ("C)

Initial
deformation

Softening
.r rulcl

(e)
(e)

(10)
L,274
1, 304
r,367

L,I7I
r,2l*0
L,254

L,496
L,37I
1 \)-7

r,27L
1, 303

L,2/+6
1, 280
L,328

L,255
L,297
1 ??/,

(4,063)
(3,122)
(3,449)

Free - swelline
index '(10) 4 .60 2.50 7.s0 5.53 4.68 (4,603)

Air - dried
loss (10) 0.55 0.31 0.70 0. 54 1.83 1.13 (3,868)
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Table 3f.--Arithmetic mean, observed rang,e, and geometric mean of
ash content and concentiations of 1l fraior- aid minor-oxides in the
laboratorv ash of 10 bituminous coal sainples from the Pocahontas
No. 3 coal bed, Southwest Virginia. For'comparison the arithmetic
and seometric rireans of channef and drill corb samples of biturninous
coal"from the Appalachian basin are included. (n) indicates the
number of samplbb per oxide.

[All samples were ashed at 525'C; all data are in percent.]

Pocahontas No 3 coal bed Appalachian basin

Arith/*\\ lr,,/ rrrEdrr

Observed range

Min. l"Iax.
Geom.
mean

Arith
mean

Geom.
mean /n)

(Ash) (10)

sio2 (10)

A1203 (10)

Cao (10)

MgO (10)

Na20 (10)

K2o (10)

Fe203 (10)

Mno (10)

rio2 (10)

P2os (6)

sos (10)

9.7

39

10

1.3

.74

1.1

9.4

.04

r.2
.14

c.q

8.5
?R

2L

8.8

1.2

.69

1.0

8.6

1.1

.14

6.3

,)

Rq

La

4.0

2B

13

2'

.61

.5Y

.52

3.6

.014

.80

.12

7)

18

58

2B

20

2

I
L

L4

I

16

13

43

14

I

10

41

)?

1

.4

.05

.t9

1

13

2

l9

(5,262)

(5,229)

(5,229)

. 5 (5 ,221)

.75 (s,258)

.34 (5,194)
-t ( c ?tQ\

\J r -L/ /

(5,215)

.a2 (5,260)

.1 (5,203)

.22 (3,389)

.9 (5,063)

L.2

.50

2.5
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'"olF 3f ;;*Il':iFi{:T:?fi'r8bf;?i..xf,'5filc:;"?"g"ffii3:.r}3**;f,1 Bj.:f,1;:ls'fr::.i"
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2A VIRGINIA DIVISION OF MINERAL RESOURCES

COVE CREEK COAL BED

The Cove Creek coal bed crops out in Scott and Wise Counties and may be correlative to the Pocahontas No. 7 coal bed in

Buchanan andTazewell Counties, and the Tacus or Starns coalbed in Wise County. In 1989, the totalproduction was 40,861 tons,

allfrom Scott County (virginiaDivisionof Mines, 1990). One sample (R-8808) was collected from a2.9 footthickcoal atanew

face for an underground mine (Figure 9). The coal had been sheared by tectonic activity; all signs of cleat have been destroyed,

and display well-developed slickensides. Rockenclosing thecoalbed is alsodistortedfrom high- andlow-angle jointing andfault-

ing (Figure 10).- 
Only one sample for the Cove Creek coal bed was collected, therefore a discussion of the geometric means is not possible.

ThedesiriptiveandlocationdataarereportedinTable4a. TheanalyticaldataarereportedinTables 4b,4c,and4d.Theelements

Bi, Cl, Dy-Er, Gd, Hg, Ho,Pd,Rb, Tl, andTm arebelow detection limits inthis sample in addition to theelementsbelow detection

limits for a11.375 Virginia samples described in this paper.

0246 810 KTLOVFBS
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Figure 9. Location for sample from the Cove Creek coal bed. Figure 10. Cove Creek coal bed, Scott County'
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COVE CREEK COAL BED

The Cove Creek coal bed crops out in Scott and Wise Counties and may be correlative to the Pocahontas No. 7 coal bed in

Buchanan and Tazewell Counties, and the Tacus or Stams coalbed in Wise County. In 1989, the total production was40,861 tons,

all from Scott County (Virginia Division of Mines, 1990). One sample (R-8808) was collected from a 2.9 foot thick coal at a new

face for an underground mine @igure 9). The coal had been sheared by tectonic activity; all signs ofcleat have been destroyed,

and display well-developed slickensides. Rock enclosingthecoal bed is alsodistorted from high- and low-angle jointing and faulr

ing (Figure 10).- 
Only one sample for the Cove Creek coal bed was collected, therefore a discussion of the geometric means is not possible.

The descriptive and location data are reported in Table 4a. The analytical data are reported in Tables 4b, 4c, and 4d. The elements

Bi, Cl, Dy-Er, Gd, Hg, Ho, Pd,Rb, Tl, andTm arebelow detection limits inthis sample in addition to the elementsbelow detection

limits for all375 Virginia samples described in this paper.

0 2 46 610 KtLOMffiS
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Figure 9. Location for sample from the Cove Creek coal bed. Figure 10. Cove Creek coal bed, Scott County.



2l

N\'
N
f

.oo

{
N

N

€

{

€(onji6

O\oN

c;

ooo
o

€
C]g
d

x
^ai5
J-

€,
I

.:R
g:

q, .F

o.- x

).vL

o

;
U
e
f

&o)
WC
Azcwo)

Uszo oOv o

:)

@o
O9

.-!

oo

dl.c0.- x
4r- AJ
L-!
(crc

l.-

EL

J

I
OP
OL
I9ro.

G,

o

o

L6'oo.o
LJ

;r

N\'

f

\O€€

N\Oo
N\O-

nO.O

NN@

NF-CO

o\tr
O.\ON

N\Ot\
-'d.'Nr\(O

14-rO

n\O I

OO '

co6m

^jtrc;6 6.O

aoo.N
t'6O.

€o
3
n

PUBLICATION I22

o
.- 0.,

69
J€o-

R
^lt5)-

t

F]

-vU6

=
U

U
O

o,

x

o
0
>cJA'
zo
<L
U -
=
J

o
L

-{
9 -o r E

5 gdg:
L O LO C)o O-s- .- .i
- ,-AA)

E d .'Pi
?= {;f s
o o 5'- 6y
Cq CqreC'E; 

" 5'39 or2qPCoFs
uo 6.-oo
€g l8o,
P€ g-.8F
56 UY;:E- or3 3L . Ce-o

Fi '.:;.e
0 x o >-e

; s ! l';'
3i )-9.sO.-qrOO
' 

L JLJF
!o .- I ,:
3" €;Pj-d E6;"
X (: '-eaoic b;s I.-u CrC-O
eF i 3:tL99E

'- L OO LJs ! @6

! o, hi'EH;i - 9 3f
E E s g "3.i- ! E:

Oe,O.rO 6 o L

-i: h'3ia3 F-'.5;g gl=-c
'-L\t5 6*.Eb

69gi 9;itb- ; b';8*. f r.i
-O O {,, >s s o qto

F .L Lga L xE ua:R *-.S=PE Ev*""d -s:5
s p €g; =O 

-LELOeo

ls i s r!:o (,oo

H: I 1..!
t " -';.9E; SETJ:t E:3{E'- u-.2?

H: TT:E

t€ gi*e;
8b d-s3:;
+ $ 8ij 

F, >\-co o

"- EHI=i
o, t.i> 

3
: -OC.ni{Jr6.-s@<

o
o

F

(,
c

:
o
L

L
OJ

E
f

a

N

CL

o
6

6

U

'N
\'
N€

-t\{\o
-t
\o

()
o€

N
:i

I

@o

c

oI\'

!c0Jox-o.-L
ro

L'

0,oo
L
D
-

q,
L
f
o
6-

o

-
U
F

-
xoe

ET

0,

'oo
PO)a

o,e

o0)

6F>-o
*@

600, 0.J o'
- CE
cL! oEoC
rD .- .-
0Cv

o

cooz
L

l!G
J-o

x

o)

o
J

e,

3

@

!o
J-
q,

r!

ovr2
ct6A>G

o
d=-o.>!

oIE

oa

n

o
!
q)
q,
Lo
0,

o
c,

6
L

0.)

6

o
I

t

I

L

()
o

Eo
c

L
Iooo

o{
ru

!
@
F



N

F-
$
t4N
=

N

I{

N
co

\'
o

\o

o
m

.o

c)

u

L

R

of
JZ

aa
^x
=o

-is
=o

:JA

.- tL

6d-

+lL

a^
oa

a^
6d-

ro-

rlLuo

OLJa)

oz

N

Nq
@
tr)
N3

i.-

h
N

N
o

o\
.o

\'

s

o
tt)
N

d

o
_oE
G:
J=

:a

ac.-

L6-oo"

od-

Jd

oo

a^
o, d-

Q2
6o-
co o-

?7

OLJc|

oz

VIRGIMA DIVISION OF MINERAL RESOURCES

n

\o
t-

N\'
tn
N3

N\'

r\r
6

n6o

o

o.

\o
t4o
o

o

6

t-\'
tlN
3

I

.oE
J=

od<o_

@^
od-<o_

L
oeo-oocEO,FJ

3!C
P OTO

a oJro
\ OO.rO JgL

o o-o 0)
66

ocrE,-c 5c Plc
9g

ooo
J P'-'F

O JOPO o >-G
L JOo > 9::-
O G.-
>6Po coc(J O'- O,-c!
O P O-.-
Y C LE.- OrEE E OdO L L>L (D!
9 POA

O O.-
o !c AL
c!tnc)E O C-O6 pOE
O O.- foac.-a
O !'- (r
O C E-o .-OO-
o o >6
oeC ,-O'

P P;{
e -t^f, ! oroP CE

C.JOO
-O E- Jqr0rc

$o

cPoOs. (u c/);.eP O oO.o6oo o>.Oo ru)
E I LJ
OJ C (o O-oo oO .-OO
P O -.- O
C r rs
9 o, '= **.
O O I LJ
JE L OO
O3 OOP
Oo I PC)o o o-occ !(u
! A O-
.O O C O-cP LoC 'O L O,- O I

o6c,\O- P O L3t o C.- O ELL OE3fo oooccrLc.F G CJ -O >
E,_ O_T' Lc o>oc!cP
' o) '-OOO
LLL
O'- O O+ O

6 0G O
E '- | CJ| lLOI O O'-O

I LPPS
! PJOO:f C0'-foE>q, ooooC oT.-
OU

lf!

o.
6

co
FL

c,

c
CJoo

LL
c)

{):zo
L
0)

Pc
0)ooZL
OJ

CJ

EL
0.)

c)
GO

c)

c
c),o

<L
qJ
o-

c)

(,L
q,

oLJct
EE
az

o.
t-

o
N

\o

-t
o

s

o

d

22

L
o

JZ

o
0)t
E
PL

OPa(o
Lro

oc

a
ogoa

vo
{r!L
OO
o
>Loc)

OJ
L

OJL (,

GO
o.P(Je

€
oo
OF
C,F

u
=s
o

OP
c

6
L

P0)G.o.e

o
C'

oc
-CPO a

OO
o6 N!n
G
LP
!o
c(.) !oq,cgoooo
oJ!q
XOo

OP
c,

!6 E

'OLL
O'F a

oo=,-t !-

'Or
' LLo !o$ c-o

o oJ

G(J

tn
o

Nr

N

tt)

o

N
SZ

N
z

=

o

i.)
N

N

U'

JO'

0=



23PUBLICATION I22

Ns
tt)f!
=

n

\o
n

6s

Ns

N
v
r}
f\J3

o
€o
co

u

L

JZ

o^
i_ENo-

cilNo-

CJLJ0)

az

\o

r.)

\'
@
o

oo
M)

€o

e

L
c.i

Gf)z

.i5.>o-

?e>o_

=il

?a>o"

fi5-

saFo_

-o ilFo_

611Fo_

@Q_

u, o-

=<
0=

6

N\'
tr)N
=

r.l
o

s

t)

N
h

N
.+

@o
co

&

L
o

6=(!J
)z

e-6d

oaoo-

oE-6o'-

-o il-oo-

JF

!l!

o- aL

.--
=o-

rezo-

AF
zo-

1a)
o--o

@=

o
ru
f

oo

c)

o

oo

(,

o

c,
E

o

ct

Ga

oo
I
o
o
C

.- c,

FCooa
Ot
PO
qo
OGo--o

oPO
oq)
oo

'Eof
ooo

oro
rlULL
c.
'Fo

'tDLLo.-

=

.+
q,



24 VIRGINIA DIVISION OF MINERAL RESOURCES

LEE FORI!{A.TION OR T,OWER PART OF THE NORTON FORMATION

TILLER COAL BED

The Tiller coal bed crops out in Buchanan, Dickenson, Russell, Tazewell, and Wise Counties. The majority of production

is from Buchanan County but this coal is also produced in Dickenson, Russell, and Tazewell Counties. Total production of the

Tiller coal bed in 19g9 was 0.2 million shorr rons (Virginia Division of Mines, 1990). Miller (1974) reports a thiclness range of

1.5to5feet. Thicknessesatsamplelocarions(Figureil)rangefrom l.5to4.2feetandthecoaltypicallyhasapoorly-developed

medium- to fine-cleat and moderate medium banding. There is usually a parting less than 0.2 foot thick which is bony in places.

The roof rock is typically stable shale or sandstone.

In addition to the previously listed elements below detection limits, Bi, Dy, Er, Ho, Pd, Pr, Tl, and Tm ard not found above

detection limits for the 6 Tiller coal samples. Sulfate and the elements Ag, Cl, Hg, Nd, Rb, and Sn have less than five values,

therefore themeans werenotcalculated. Thegeometric means forCaO, MgO,NqO, MnO, SOy Be,Br,F, Mn, andfree-swelling

index are found to be substantially higher in the Tiller coal bed than in the Appalachian basin samples. pPy At:},-Cd, Cr, Ga,

Gd, Mo, Nb, Ni, Sc, V, Zn, sulfui, pyritic sulfur, and air-dried loss geometric means are found to be substantially lower in the

Tiller coal samples than in those of the Appalachian basin. The descriptive and location data are reported in Table 5a" Analytical

data are reported in Tables 5b, 5c, and 5d. Statistical results are shown in Tables 5e, 5f, and 59'

O 246 E1O KILOMflERS
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Figure 11. Locations for samples from the Tiller coal bed'
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Table 5e.--Arithmetic mean, observed ranse. and seometric mean of Droximate andultimate analyses, heat content, forml of sulfur, and ash-fusioir temperaturesfor 6 bituminbus coal samples fiorn the Tiller coil bed. Southwest Vi?einia.For comparison the arithm-etic and seometric means of channel and drilI core
samples- of bituminous coal from thE Appalachian basin are included.

IA11 values are in percent except Bcu/lb. Kcal/ke. ash-fusion temDeratures.and
free-.swelling inilex and are i:eport'eA on an 'asYieceived basis. '"F : 9/5'"C + 32;
KcaL/kg : 0.556 _Btu/lb; dashed'values (: - - ) represent less than f ive 'samples;
(ni rs numDer oI samples per parameter. l

Tiller coal bed Appalachian basin

Arith.
tlte dt I

Observed ranse

Min. Max.
Arith. Geom.
mean mean

Geom.
mean

\ r r,,,

Proximate and ultimate analyses

Moisture
Volatile

macter
Fixed

cafbon
Ash
{Yd5ogenuarDon
Nitrogen
0xygeil
)ulrur

I .6L

31.28

6L.23
s. 88
5.14

8]-.23
I.36
5 .82

.56

r.20
28.48

s6.80
2.90
4. 90

75.20
1. 30
5.20

.50

L.94

33.60

6s.90
L2.20
5.30

83.70
I.4U
6.60

.60

1.58

31.22

6L.T7
5.25
5.L4

81.18
1. 36
s.80

.56

3.23

32.46

52.48
11. 83
5.42

70.69
1.39
8.92
2.L5

2 .69

3L.72

5L.7 6
9.83
s.00

70.17
I.37
8.22
I.OJ

(4 ,7 60)

(4 ,7 60)

(6)

(6)

(6)
(6)
(o,
(6)
(6)
(6)
(6)

(4 ,7 60)
(4 ,7 60)
(4 ,7 60)
(4 ,7 60)
(4,757)
(4 ,7 56)
(4 ,97 4)

Heat content

KCaL/kz
nrrr /'l h-

(6) 8,00s 7 ,314(6) 14,398 L3,263
8,354 7 ,999

Ls ,026 L4,386
6 ,97 9 (4 ,7 59)

L2 ,553 (4 ,7 59)
7 ,030

L2,644

Forms of sulfur

Sulfate
Pyritic
Organic

-.oe

.48

0.02
.03
.46

0. 03
.10qn

0 .08
1.36

9,)

0.04
.65

(/+,245)
(4,392)
(/+,393)

.os

.48

(4)
(s)
(6)

Ash-fusion temperature ('C)

Initial
deformation

Softening
I ltl].O

L,263 L,L97r,307 r,2391,327 I,292

(6)
(6)
(6)

1,199
L,240
L,292

1,138
1,193
r,249

(4, 063 )(3,722)
(3,449)

r,255
L,287
L,334

r,246
1, 2B0
L,328

Free -.swelling
INGCX /q\ 8 .40 7 .00 9.00 8.37 5.53 4 .68 (4, 603 )

Air - dried
loss (6) 0.59 0.20 1. 16 0.50 1.83 1.13 (3,868)
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Table 5f.--Arithmetic mean, observed range, and geometric mean of ash
content and eoncentrations of 11 maioi-'and minor-oxides in the
laboratorv ash of 6 bituminous coal- samples from the Tiller coal
bed, Southwest Virginia. For comparisoir the arithrnetic and
geometric means of"channel and aritt core samples of bituminous coal
from the Aonalachian basin are included. (n)- indicates the number
oI samples per oxloe.

[A11 samples were ashed at 525"C; all data are in percent.]

Tiller coal bed Appalachian basin

Observed range
Arith(n) mean Mi n. l{ax.

Geom 
"

mean
Arith.
mean

Geom.
mean t'n )

VIRGINIA DIVISION OF MINERAL RESOURCES

(Ash) ( 6 )

sio2 (6)

A12O3 (6)

Cao (6)

Mgo (6)

Na2o (6)

Kzo (6)

Fe2o3 (6)

Mno (6)

rio2 (6)

P2oS (6)

so: (6)

6.4

Jd

22

10

l.o

7R

2.4

L1

.09

1.1

.13

9.1

3.7

1B

6.2

1.1
??

"92

6.5

.036

. 01+0

7.8

11 5.8

42 38

24 2L

17 9.4

2.0 1.5

r.2 . 68

3.6 2.2

19 11

.23 .47

L.6 1.1

.51 .07

13 9.5

43

24

.85

tn

10

n2

11

<n

10 (5 ,262)
/+L (5,229)

23 (5,229)

1.5 (5 ,227)

.15 (5,258)

.34 (5,194)

r.1 (5 ,229)
13 (5,21s)

.a2 (5,260)

1.1 (5,203)

.22 (3,389)

1.9 (5,063)
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i 3":fi',::it iilri+:.3" il., :i::iiii::tlfr :, r lli*iiiTr FIri
cr,anne r - a,;-af iii";",5"5";;TE3':i.f, ,!*r*llnu:1..::*are-inctuded. Daphed valubs (_:_)-;;il;;;;i r."" 1r,""indicates the
and are,.no,.rlfi3;;;'5i:#ilf;;;i:":t5;:;t: iAii ;;;;

aa
J.l

mean of concentrations
the Tiller coal bed,geometric means of
Ehe Appalachian basin
tive sampJ_es; (n)
are in pbrts-per-million

TiIler coal bed Appalachian basin

1n)
Arith.
llte dt r

Observed range

Min. Max.
Geom.
mean

Arith.
mean

Geom.
lttE o t1 lrr\

As
n5
D
Ba
Be
Bi
Br
Cd

C1
Co
Cr

Cu
Dy
11r
Eu
F

uf
He
H6

Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
Sb
Sc
Se
Srn
Sn
Sr
Ld

Tb

T1
Trn
U
\I
w
I
YD
7n
Zr

\t) :-: 0.007 0.02 o.o719) 9.q r.7 L1'-* 4.L 3s{9) 7 .L 2.L it d:i 30(9) 7Q 37 130 6i',' eo(6) 3.7 1.3 --a.e "3.2 
2.5
1's(9) 3e 6.3 60 31 22(9) .02 .011 .04 .02 .10(q) 11 6.0 16 10 2r(1) - -: e10' e10 -: 

_ _ :B}
tgl 2.? 1.8 --7 .t 4.7 7 .4(b, /.5 5.5 10 7.2 1B(q) -,.5e .10 -l.z ".ira 

1.3(6) 13 8.2 2t'- 13' Ls
:: _ ::: 3.3

tq ,..23 --.tt '-.ig -'jz t'.Zo

\9) 2LQ _ 30 860 110' ss\6-) 2.7 1.8 - 4.L --i.a 6.6(:) . 83 .s2 1.5 -'.1e 2.6(9) 2.+ .22 6.6 1:i- 4.7(q) .s0 .30 -.os -'.ia 
.7s(2) .84 .i5 ---- .22

0. 05
LJ
20
53
2.0
1.1

13
.47

L/
510

5.7
15

.85
15
2.6
L.1

a1
TL

L.Y
2.5

.62

.15

.61
8.9

14
.L4

15

1.9
9.9

I4
69

.L4
J.b

22

(
(

(s,

(
(1+.

(5,r
/a ,

(\
r5

(\
,'l t,
,\ (

'\ |

I

'lL I

:s,((.

.), r'/, t

4l
5,(
4't

al

I
lc

(r

J'I
l, ').

t+,8

t2

4,9
5,2
4,4

\,)

(

r)
,)
il.)
il
;]

;]

]

i
i
i
]

l
i
]

]

i
i
I

l

q4.q
147

,07 6
,134
,247
( 10B
,892
,97 B

,07 5
,646
,2r7
,205
' 91*
('7 \O
,200
,032
, 860
,446
,TTJ
, 609
,932
,031
:37 B

147
, z4J
885
260
889
00s
IJL
z4u
IJ2,
( 18:
9 60',)'),)'
003.
2r8"
052"
005,
?qt'
L45"
369"
8s2 )
noQ \
?Q'\
(40,
ee0)
24L)
+zL)
t1l, \
1ql \
aLa\
238 )

(

(
(
(\Lt .uJ4 . 15 .22

'76\91 1.Q 3. o 8. s s.3 11lgl 8.8. s.2 1i'- 8:5 22

76

(g) _ .11 .0e0 .13 - 
. ir .16t6.l 3e -^ 10 ^_ 74--- 33 31rc) .s2 .31 1.1 .46 3.7tf) 1.0 .rs ,'.a '.j6 2.6\1) 2.9 9.1 --- 1319) 4.e z.z 6'.4 4.8 L7(6) 4.2 2, \-r t,n aal:l 1:l 2.2 s.7 4.0 -B.B

1

ti :-; ,;:: ,;:: ::: ,8:!'\g) .82 .22 -i. s .64 L.4(g) 1.8 L.4- 
''.4 

r'.i- 4.4(9) 2.e 2.L +.t i.'8 3.6(9) .ee .70 1:4 ''.6e 2.o(i) ,-:-- .rg ,Ls ---- 1.6(6-) 110 7 B' - Lt+O 110 110{9) .10 . oss - - .L7 .10 .24\g) .20 . rs '.r4 '.rs 
.34l9l ! _1 _:go ?:6. 1,i' Z t-

7.7(9) .e6 .32 1.s .86 1.8(9) 7 .4 4.4 15'- 6'.i" 24\9) . 81 .3/+ -r. s " '.',|t 
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JAWBONE.TILLER COAL BED

The Jawbone and Tiller coal beds coalesce in Russell and Dickenson Counties and in the subsurface in parts of Buchanan

and Dickenson Counties (Miller, 1974). The thickness of the coal zone ranges from ? to 18 feet (Miller,1974)' At one sample site

the bed thickness is 10.1 feet, which includes a total of one foot of parting material (Figwe 12, Samples R-6873, R-6874, and R-

687s).
The location and descriptive data for the Jawbone-Tiller coal samples are shown in Table 6a. Analytical data can be found

in Tables 6b, 6c, and 6d. The statistical data is located in Tables 5e, 6l and 6g. The geometric means for USGSASH, CaO, MnO,

Ba, Ce, Co, Cr, Cs, Eu, F, Hf, 1.a, Li, Lu, Mn, Nb, Sm, Sr, Ta, Tb, Th, IJ, Y, Zr, and BMASH are substantially higher for the six

Jawbone-Tiller coal samples than for the Appalachian basin coal samples. Fep3, As, Hg, sulfur, and pyritic sulfur geometric

means of the Appalachian basin samples are substantially higher ttran the geometric means of the Jawbone-Tiller coal samples.

Bi, Ho, pd, pr, and Tm are found o be below the detection limits in addition o the elements previously listed below the detection

limits for all Virginia coal samples. Sulfate, fluid temperature, Ag, Cl, Dy, Er, Ge, Rb, Sn, and Tl have less than five values,

therefore the means wore not calculated.

VIRGINIA DIVISION OF MINERAL RESOURCES

Figure 12. Locations for samples from the Jawbone-Tiller coal bed.
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Table 6e.--Arithmetic mean, observed range, and geometric mean of proximate and
ultimate analyses, heat content, formE 6f sulfur, and ash-fusioir temperatures
for 6 bitumin6us coal samples from the Jawbone-tiller coal bed. Southwest
Virginia. For comparison'the ari.thmetic and geometric means of channel and
drill core samples'of bj-tuminous coal from thE Appalachian ba.sin are included.

IA11 values are in percent exceDt Btu/1b. KeaI/ke. ash-fusion temperatures,and' free-swelling inbex and are Leport'ed on an'asYieceived basis. oF:9/5 "C + 32;
KcaL/.kg : 0.556 ^Btu/lb; dashed'values (; - - ) represent less than five samples;
(n) 1s number ot samples per paranleter.l

Jawbone-Ti] ler eoal bed Appalachian basin

Arith
mean

--ab-se-:yed-repge
Min. Max.

Geom.
mean

Arith
mean

Geom.
mean

(n) 1n)

Proximate. and ultimate anal.vses

lvlo i s ture
matter

Fixed
carbon

Ash
Hydrogen
Cbrboi
Nitroeen
uxygen
suLtur

2.24

IJ.J4

1.70

16.s0

32.7A
9 .40
2 .80

41. B0
.80

5.20
.40

3.30

26 "40

53.10
48.60

4 "70
78.40
1.50
10^.

.80

2.18

23.07

s0. 94
19"13
4.L4

64.54
1.14
5.79

.59

32.46

2 "69

3r.72

(4, 760)

(4 ,7 60)

(6)

(6)

(5)
(e)
(6)
(6)
( o.)
(e)
(6)

52.
22.
4.

65.
1.
5

09

20
90
L7
B2
60

52 .48 5r .7 6 (4 ,7 60)
11.83 9.83 (4,760)
5.02 5.00 (4,760)

70.69 70.r7 (4,160)
1.39 L.37 (4,757)
8 .92 B .22 (4 ,7 56)
2 .L5 I . 63 (1+ ,97 4)

Heat content

(4 ,7 59)
(4 ,7 59)

7,557
1? qo'l

7,030
12 ,61+4

6,979
1) qq?6,257

rL,25/+
(6) 6,399 3,959(6) 11,508 7,].21

KCaL/kz
Rf rr /l h*

Forms of sulfur

0.08 0.04 (4,245)
L .36 .65 (4 ,392).82 .70 (4,393)

(4)
(6) .07(6) .52

.06

.51

Sulfate
Pyritic
Organic

0.01
.03
.34

0 .03
.L7
.65

Ash-fusion temperature ('C)

Initial
deformation (6)

Softenine iSiFluid " (+)

1,386
,,!2?

1,52L
T,549
1, 510

1 ?ql
1 ?O7

246
280
328

L,216
L,260
t, 307

(4,063)
(3,722)
(3,449)

|,255 I,
L.287 1.
L',334 L',

Free -.swe1ling
]-nclex (6) 7 .00 1. 50 9 .00 6 .03 5. s3 4 .68 (4 ,603)

Air - dried
loss (6) L .43 0.89 2 .64 t. 34 l. B3 1.13 (3,868)
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Table 6f.--Arithmetic mean, observed range, and geometric mean of ash
content and concentrations of 11 ma'ioi- and minor-oxides in the
laboratory ash of 5 bituninous coal'samples from the Jawbone-Tiller
coal bed,- Southwest Virginia. For compbrison the arithmetie and
geometric means of chaniel and drill cbre samples of bitumi-nous coal
from the Appalachian basin are included. (n)'indicates the number
of samples per oxide.

[A11 samples were ashed at 525'C; all data are in percent.]

Jawbone-Tiller coal bed Appalachian basin

Observed ranse
Arith(n) mean Min. Max.

Geom.
mean

Arith.
mean

Geom,
mean tnt

VIRGINIA DIVISION OF MINERAL RESOURCES

(Ash) ( 6 )

sio2 (6)

A12o3 (6)

CaO (6)

Mgo (6)

Na2O (6)

K2o (6)

Fe2o3 (6)

MnO (6)

rio2 (6)

Pzos (6)

Sog (6)

22

51

24

5.6

1.1

.28

2.5

4.v
n1

1.5

.44

3.5

8.6

43

I6

2.r
.68

.16

1.6

2.5

.oI4

.91

.05

.98

q?

60

?n

11

L.1

.35

3.5

8.2

.05

1.9

2.0

7.4

18

5l
24

4.6

1.1

.27

2.4

4.4

.03

1.4

.Lt

2.7

13

43

)/,

2.2

.85

.43

2.0

19

n1

t.2
.50

2.5

10 (5,262)

4L (5,229)

23 (5,229)

,1.5 (5,227)

.7s (5,258)

.34 (5,L94)

L.7 (5 ,22g)
13 (5,215)

.02 (5,264)

1.1 (5,203)

.22 (3,389)

I.9 (5,063)
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Table 6e.--Arithmetic mean,,observed range,-and geometric mean of concentrationsof 54 trace elements in'o-uiiumrnous coar samfi;;'i;;; it3';I*u"ne-Titlercoal bed, Fouthwest Virginia. For ".*p"ii"o;';h; "iittr*licii*ana seomerricmeans of channel and ari1l core samprt!-;f-biruminous eoal frJm-rf;""eii"ilchianbasin are included. Dashed r"i"""-t:::l-i.ii;;;t l""i-irt"n-five samfles; (n)
ll$t:?:";.;3:.35*i'*"fn3i3tl::rn;:"er'fieiIi- ieit -a"t""";*i;-p;;t;T5;:iiriio.'

Jawbone-Tiller coal bed Appalachian basin

\ r r,,,

Arr'rlr
rltg dl I

Observed range

Min. Max.
Geom.
ITIE dI I

Arith.
mean

Geom.
mean (n)

Ao
AS
B
Ba
Be
Bi
Br
Cd
ue
C1
UO
C.r
Cs
Cu
UY
trr
Eu
_r

Ge
Hf
LIn

fl0

Lu
Mn
Mo
Nb
Nd
Ni
Pbp;
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr
Ld

Tb
Th
T1
Tm
U
V
i^I

Y
Yb
Zn
Zr

24
1.1
1.5
4.3
8.6
l:1

(4)
(6)
(6)
(6)
r9)
(6)
(6)
(6)
(2)
(6)
(6)
(6)
(6)
(1)
(1)
(6)
(s)
(6)
(s)
(3)
(6)

I:1
(6)
(6)
(6)
(5)
(6)
(6)
(s)
)r((o)
(er

;.i
I9

140
2,I

L9
.06

42
.;--IU
33
2.2

21_ 
_

-';^
.od

580

2.5

2.0
.07

^;--zz
50

.27
40

1.6
4.6

L6
L7
19_ 

_

.61
6.6
2.9
J.J

170
.48
.58

!:l
3.2

.). /,

1.0
13
1.6

17
47

0.02/.+
L.2
4.0

55
1.3

.024
L4

490

8.0
.50

13
z.L
r.4

.27
qA

2.6
1.1

'). /,

.60

.010

8.0
7.4

.11

;:0
.33

1.8
L.4
I.4

.L9
74

.14

.22
1.8

.35

1.8
11

.40
5.3

.60
3.6

15

0.09
1)
/").

310
4.L

^;--zt
.L2

88
900

16
67
5.8

4L
2.L
L.4
1.3

2,L00
11

1.3
5.0

,T6

47
180

.60

2.2

44
28
,!__

77
1.0

T4
5.1
6.9
3.5

260
1.0
1.1

T4
.35

5.6
78
1.9

31
3.6

39
9B

?/,
L4

L20
1.9

L9
.05

;.e
25
L,6

,?--
- -:-
.)/

290
6.9
2.0
:-:r.)

.04

1B
a1

.22
36
1.6
3.3

11
15

R5

::-
- -:-
5.2
2.6
2.8

1s0

.48

1_2

2.9
27

.87
11
1.3

I2
Jd

0.07
35
30
90
2.s
1.5

22
.10

27
780

7.4
18
1.3

L9
3.3
1.5

.44
99
6.6
z.o
4.7

70
.22
.76

,L6
31
3.7
2.6

13
t7
8.8
.t7

6.1
28

L./+
4.4
3.5
2.0
1.6

110
.24
.34

3.0
5.4
L.7
1.8

24

0.05
13
20
63
')a
1.1

13
.v/

L7
s10

\7
15

.85
l5
2A
L.2

.37

4

.l

,'4

.4
\J

a

,5

4
'5

I

4
4
5

5
5
4
5
4

4
5
5

L
5
5
c

5

z
5
4

5
I

4q'

q'
Jt

5.

565
197

,07 6
,134
,247
( 108
ao,)

,07 5
,646

,205
e?1

,239
'roo
032
860
046
-7-74

608
932
031
378
L47,/,a
885
260
889
005
23L
240
172'
(18
960'
232'
003'
218'
052'
005 j
?qt'
146'
369'
eqt'
098 l
?q?\
(40,
990)
24l-"
+zL,
tJ4 )r)ri
243)
238 )

11
22

11
c, /,

1.9
2.5

.62

.15

.61
8.9

T4
.L4

15
2.3
1.9
9.9

t4
6.2

.L4
3.6

22
.91

3.6
2.8

.86
IY

.L9

.29
2.3
2.L

.38
1.3

19
.80

7.2
.92

17

:
4
5
6
6
6

6
6
o
1

/ 5'\
(6)
/5\
(6)
(6)
(6)
(6)

.94
X\

1.1
22
24

(
(
(

t

t
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JAWBONE AND JAWBONE RIDER COAL BEDS

The Jawbone coal bed crops out in Buchanan, Dickenson, Russell, Tazewell, and Wise Counties- In Tazewell County, the

Jawbone is called the Iaeger coal bed; in guchanan County it is called the Lower Jewell coal bed; in Dickenson County it is known

as the No. 5 or the Ratlificoal bed; and in Wise County, it is known as the Shannon or Imboden No. 2 coal bed. Total production

ofthiscoal in 1989 was3.7 million shorttons (VirginiaDivision of Mines, 1990). MostJawbonecoalproduction is from Buchanan

County. Sampled thickness nnges from 2.5 to 8.6 feet. The Jawbone coal bed is typically hard, displaying a poorly-developed

medium cleat, and moderate amounts of thin banding. Visible naces of pyrite and calcite have been noted and there are usually

more than two partings of either rashy coal or bone coal. Roof rock is stable shale. In Dickenson and Russell Counties, the coal

may be split into two or three benches.- 
In the analyses for fte 10 Jawbone coal samples (see Figure 13 for location of samples and Table Tafot .the descriptive and

location data), Bi, Ho, pd, Tl, and Tm are found in addition o ttre eight previously listed elements to be below the detection limits

(Tables jb,7c,and ?d). pr and Dy have only one unqualified value and thus calculation of geometric means is not possible. The

geometric means (Tables 7e,7f ,and7g) fd USGSASH, BMASH, CaO, MnO, TIO' Ba, Ce, Cr, Cs, Cu, F, Hf,Ia, Li' N4n, Nb,

Nd, pb, Rb, Sc, Sm, Sn, Sr, Ta, Th, U, and Zr are found to be substantially higher for the Jawbone coal samples. Fepl Ppy As,

Ge, sulfur, strlfate, and pyritic sulfur geometric means are found to be substantially lower.

As only one sample was collected for the Jawbone Rider coal bed (Figure 14), a discussion of geometric means is notpossible.

The descriptive and iocation data are shown in Table 8a and the analytical dara are shown in Tables 8b, 8c, and 8d. The elemen8

B, Bi, Cl, Dy, Er, Ho, Nd, Pb, Pd, Pr, Rb, Sn, Tb, Tl, and Tm are below detection limits for this coal sample in addition to those

elements which are below detection limits for all the Virginia coal samples described in this paper.

Figrue 14. Locations for samples from the Jawbone Rider

coal bed.

02468r0 XLLOMFERS

o 2 4 6 flMEMIES
ffi

Figure 13. Locations for samples from the Jawbone coal bed.



45PUBLICATION 122

qao ooaqaoa ur60aoocJoo 0ro0,ro0)ccc-- Jcccci!y o_o- oyJJJoooEE Eoooo,-,F'F G 6 G
ESSAA ASEEC
FFF FFFF

ES C2Ja o o oJracc c
uuLoo 6r4uu

E! !orD o
LL Loo o
P9 P(Joo oLo0, oc)3 3 tEP

'GqJ c, o-- J o c)CCCO6 A= C

EEE.r \i Eoo oc,EJ c)

f .JJET EEKJEooo oLLL(D{J OOC'LC.)ocDo)oo oooooLLLO6 OQOgSq, o ots9 99+ o?
---L---=

=>=a6 aoa=o

;
r hnhh h\ \ r F-
6 . . . nhhv

'NNNN N ' ' .
r.- vvvv vNt\N- C

vvv Loooo o f,>-o_o3-o -o >>>-o9LLLL LPP!(D
f (o(g(!(! (Ef,f f o(fu(J(J(J rJo60(J

====3 ===3=-si46\O\O \OO\o-cO
!a\*fN>t-f $ONlql{lo\ .d. c! o. ox o\ r4 o. rt roOreOO OeOrNNNC\INAI NNNNNco€coco€o cococooco

Ohef4a!f4\tn sOt*-ee
!,

o6co6co coo(JO6cO@cO@cO cOcO@€O.con6nh ncococoh

f\- cO \O n \O N-.C) O\ r c)
99C)\r\r -r\f6ts\tNNN\f\t \t\ter6quNNnn nn\tr€o\o\o\o.6 66oem

FFNNN

==333 =33=3

\t O. o t- @ O\ 
^J 

€ ,+ -\9rONe- rNn\ON€c0€O.o\ O.O\t't€cO\o\o\o\o\o \o\oF-t-o
ded,ed. Ed,&.e.8

\Oo\ONO oNcOOoNTVnNCO OnCOO\O
l.-o.o-o oO.O.14t-N.+\tNr i.)NnmN

oooraO0
-cccoocrcJc, ocJ0Jc)o6oa6 6JJ!Oo4606 6 0000

xEued g6(:O3

zzz2z z.2z2zeFmNN NO\na\rno\thlqli lOoOno
-NCOO.OT O.hf\4$h9nhnh !n(foo6N\O\O\O\O \Or.-F-N\O
tq t4 t t t4 a.t t4 t4 M| tq l.)

C)

ro 0)pQ6
L6()

o)

o0J
oo_
>.o*a

q^qo
ooo
- cEo-v o
6.-.-AEv

c
o

C'J 4,,glE
oz
L

OG
fE

0)

J

o)c
_3

0,

=

ro0
a=

c,

L -cl

o=
a-a

J

gz
=or>:o

L

a
3
=
J
a

c)

o
o
0
C

fo-
o)3

L

a
o

G6

ooo
6
oc

:

L

6

ooo

c
6

oc

L
ao
o)

o
F.
ct



I\-cO\Oh\Ot\o6
9oo.t<'.t'.fnl.*NF.-N\t.f.f\f
NNNnnnn\tO.O.O.O\O\O\6o C\I N3=3=3====

VIRGIMA DIVISION OF MINERAL RESOURCES

nnN \o\oF- \o\oN n \o l.-

ooo oc)c) ooo ooo ooo ooo ooo ooo oooo\N\f hoe o-o\ \ohn .ocoF o.oco NtoN \tl\N oF-\oe\.f o cooe 6N.F 14\or.t F)nt4 ttNN ottF NN$ Nt4c{
OOn NlOn NNn NNh @@-.' t.)F-)n OOh N!.!h eFn

ooo ooo oocf (f,c)o ooo ocf(> oo<> ooo c)oo.OFn \tNo n\O-f l\l?trq \tN,6 '+eo. O.rf o @F-N NNcO\ocol.t rN\l. o\o$ 0o(th \oF*o. {\o\l. hN\l' om6 Glf\4\t
nnco t\-f\co \oF-.o \oNco \f\j'N NF-co nnco F,lr.-co \o\oco

OoN \*$f'- NNcO @cON \O\Ol''-

nFlN cO€Ol'- ecON n\On O.F-O' eNSO cOF-.-f f'-l.lO FcON
\O-*\O \Oh\O \O\l-n \O\th \O\tt\- F-6h nl.|n a\{h hlfl6

NCOCO l.-\Oh rf|n\O NCOO NnN f\n.$ l-N\O eef.t NN+
coo\n Nnn rN\o o\o\o o\o\f nN\o t-o..o Nnf.* $nNnnco I\-Nco N-t\,-co \oN€ {hco Nt-@ nncO NNcO \o.OcO

ocon l.-\o\r \on$ 0or\-\o \o-fF- oo\\r co\oM' cont.} oo.N
-ittlh \t\l-h \i-$h \+\fn tqi'|n n\$h irll.lh \t€n \t14n

\O\l. ' coo ' e{ ' N\O ' oo I F}4 ' Orf- r .So ' rh I

O.O ' tl\f ' \O\O ' NN r 6O r (fO I oe I l4\t I hn I
Nltn Ml\* r4tfl Na\t

N\l.f.- F-$N N-O\ \OCOO. O.O.N 14\O- 6-6 O\tc) \O6e
6\o\o l.l{14 $hn orN \or\14 6\ot} F-o.- r\-o,o\ t4\tro\f-f\O nn\O hh\O nn\O mro\O nh\O .S.jr\- nn\O 66F-

\ONtO 14NcO -.O- O\\Oe h-@ t4eo. F-Ne \ON-O CO-o\
Nroro r-\o coco.f o\oF- e(\j\o Nrq\o coo\co h\oF 6o\oNNtt ttIf|m NNlf) Nt)tt mN1+} rOlvtrq eeN Nmtq eNN

$O.ol\cOO.N.O\l\O\ONNh\O
cOcO@O\6O\O.t490\O.O\O\O\O\o.oNN
eedueed&&

NNCO \t\t\O tqm\O y)ro\o coco$ \t$\o c)oh \t6N

\O" rv'' \Oil ro" \O" lf)tt nrI o'' nrI
N"NrrN"Nrr(V"\t"

46

(,

-oEOJJZ

OICJ
uJScrr 6tso o< o>o-

OL.L C 'OLtt) '- O$ lU
!o-o! oL<tEG s9 :t
-tuc .oc .
- Eoo>O ' J OE L

O'F rO G!
'F C O CrO o!.F O O C L
oo c oo
cL ooP-o.-LO(o
E> J)
L CLP =(UP EOFOvO O.-U)g{rc, oo<u)E3 E =s:ooOP C.COL:l 6!'-Cf o L3eP @ -'-'O$ osr thL \ OP-.-oE x oo-o, cr-o+ LE-O rO C: o)O C o >.-OPJ L Eo .. O fco >.o!coo Poo,- L L-O
o O Je O (g
J C .oJeo .o()(!
' -O G LJ

!3 !fo o c! oLOa .-oCO
L.P.F !ro, oloPExc e.o3oP 0J o c

! ) .Y
c E oro c.F o L cl oL (tO (o'-g)+ E O'- I
c Loo(5
'FO 6OLOJ O, - Cl.'

r-FE-o o- --o E.; .'
:lE oQ)Opooo cr>ocL
I A L.F O (,
o Jcro!Poa P o .F clL O O OE Ee o L L CC (E

O O ' O= Lg'o 93.9 3,
sO I \ 6Q)
J C P \.F 4a', C.AE 0,OE OLOLSI .-'- L (, !+P O$l-oo.- :, -o E E

-O e oJo
O t..!CL
EO E{,P +Le O >,.- 0.)O cocJ-O+ L 3 00

o r \Eer+ O CJ >.O 6P tr) O A(nrCO XLL :(.r L cJ< o oP o -oe c .J
c-o c u c 6
O E 'F! 3 oo f oe oc o'! ottzP cL qC
OtU .-OP Oo o J o_c o L
cC JOc)f

6 {' L E-e3 soo
OJ O O L >OO- ' L(g
a E o o O-c o>.o c, dr 6 GJ o L octt L
o 9o !J
C! o r oO C r>C L Oc oJ O O OCJ P(o'-P! \ CCPOOc x o o o 0J!Eo P (uLe
'-! CO(ncD! c oc oOPOOPJ ,.C
T'P OL>-OO
C.- C,, O- EGJ <-O G aeFr^e
O-O PfdlU.-P o O-C L oo-O as -A-E C o C, oP oXJ O ox L O (!u L o
oo E ocL O O >,o-o- ooAeo| 6 CrO
' >cOPY. Joo (o

.o ooocEf.- C O, >,O$ r'-6
o L o og

-OCao-O JL O+J6<

F5
z9UO
z

FY
u

V

L

f,
a

c)

x
(n

a
JO'
20

uFZ

=
J

L
o

0)o
o
L

o

o
a
J

= !c
x-o

u L(!
FO
E
x
e 2L
C .-O

PP
OP
o=

cr

f

E

rc,
o_-o

Q=



4'IPUBLICATION 122

\'co\oh\oN(f,o\994\trt\t+61.-\t_F*\f++sNNNhnhn\to.o.o.o\o.o.o.6 (vN3=3=3====

qtY1.ON\on6$O.
o.O.O\\O6ohO..O
o

g(tga'
oooo6n6o6
-fNY)$14O\\r.-f$6l.)-+n\t}'lnnh

nooo\t\t$\l-
tfl 66n

r4irt(tooNCOC)\fco
hN\t6i.)

9nhnohoonulNrOCO\t\t.$RlmhrOf!hhn

oohooC:)hOh
hn\O€OF-CO[\

Q::9 oFo\ oe- m\fcO orF \O@h r4..rn \OcO\O oehrqF!*i nhh h6\O \O\OF- MtrOh €.ON ..t+.C, -t{h $\rn
o

o()h Qoo oc>o h\Ol.t cocO$ .J.$u\ \Ot\-.$ N(vn oo\+oc)o ()c)cf mrO.f o6e 66o rO14h

999 9oo ooo FFN ooo -FN h6t\-ooo ooo ooo ooo ooo ooo ooiS ooo ooo
o

Nr r \tr | o\r I hr | 6r t ttt t hr I vr | \or r
.ll

errettlf|lt

9qPNcoo\^t\o.t€€b555$pp
rttl

ed,ededdd,e

L
o

_oE
JZ

C)o
oo.-€
e=o

Or .-
O.- XL-o Oqr(g-o
!1) CL C.-

o

;
uE

eg)uc
d
=cu 0.)
F^ P(J+
zo oOv U)

a
=q

oo
(uP

,F6
P€

0)

O'- XO- C)
L-!roc

]!'-q

o

EL
=or
J

o
I

O!
@L
Edc
u

>c)
CD 'F

!P
oo

oo

E>
L
O!
PAooE3
(UP

PA
G

oro
O- 0)
E-O
C)

o
oo
ag)

cfoc

rc)
x!(U!

,-o
L

tD+

JC)

oo_IEofttq
CJoJ
+o

o

so4C
OE

o

o
9L

co
OL
P (!)

OE

oooo

o1cro6E>.o
Jo

G
0,

cxEC)
.F!

!P

o-oP6
EC
XL
L

N
o
3
F

0)

o

!oro
LJ

OLJOJ
o_.o
(gf
o=



VIRGIMA DIVISION OF MINERAL RESOURCES

N{

\f
o,
t)N
=

\o

t')

o

t.-
-t

o
Ns

lq

OFh
\O \o r\
o

F.- O O\Nt|6

\O \O F-

N

e

g
(,

6f
J=

o0
6C)'-4
o-l
Ezo

o'r
o,- x

L C,-
o'F

tt)

U
t

do)UCc
=cUO

O+
zo o
Ov @

a
l

(no
CP
'FGPE

0
o

{),- xCi- C)

LCJC
3.-o

o
C

UL

=a o
oe

=do

c,

G
I

f
a

o
LO

EO
LJ

OLJ0)

a=

os
o\
r.l
N3

Ml rn .toi40
NNN

O\nn
\O cO lf'
\O \O co

O\o\t
rNN

rr\fn
I\- n \O

NN6

NCOO
NcO-f\O\O@

t- \O \O

{$h

\oc) '
F@ '

r14t4
GOr$h\O

O. F- r.-
oe@
l.) Mt it)

vrl
NI

N

E

48

L
c)

-ae
JZ

c,)

o
L
ct
L
6

o.F.Fc

E>
L
cr99U'
OC.}
!3
OP

PA

E!
0.)

oo
oc)
90
c3oo

i0
X3OP
Y-

Lo+c
',42a)
oo-3E
to
C)
O'J
so a

JA+o
:t .F
6e3
o,-
o

clLP(U
OE

(gO)
cro

oa
>o

o
o
.ux

T'Pc'-

cr!PG

XL
L

F-
CJ

o
F

2P
u6

=
FV

Y

L

@

o
a
JO

=o
F2

=
F

5
L
o

o

o

U'
a

2 'oc

urGts(J
E
xoc)
EJLO- '- OJ

o!
o=

0)

f,
a

E

J(J
*+
65(n=



49PUBLICATION 122

\t\tN{f\- artrOerO_
ENNNN

NcO\O6\O f.-OGro9CQ.+.$ \t-f 6t\+rrN$.ii $$-eassssS 333=*l5==== ==sii
Nco\tnl.) o$o8o
nJ@hNr 6 N

o i4(}\FcON\t-rOFoC)

oN\OoN O\oNio
\tn$Nt4 nm!.ttlN

t\$O\\te- O\cOoO\to
lfl etirO Netqe

\*O.CONo
fOcOFNN

R-3-o -sFg5
Ce

\o \o\o HESs
'4nlO-h 

f\-

co6rflo\m
NFNo-

\Oo\FNcOeF0ONe

NsPNg P&RKR

t-cO\ON1..- rOMtcO6e6m$nn |.l\Onhh

:191: "j"l:\1!Ql.)N.rOr Fo\r6co
NFFF{' TI'}FNr

jqsrNco o\Gt\o$e

$$q$$ $$ff$EdE.e,d e,ud,d,d,

L
o

JZ

tt)
a

n
c

N

t)
(v

r

AJv

oN
2

oo
E

o

tl
N

N

(n

ra)
o__o

U'2

oo3>
9O
o(gAL oi!

QJ

@(5
oa
I

c)

C:Po
-o tt
3,-
G

c)

EE
c

$J
oO|.
o0,E-O

oo
P

OO

o.-

JCP(U.:E

c)&
E*o
o

ay
o

L

u4)

o
s)

oo_SEP(u
@

o(J
olr|

L9PO
c
O C.J

oouo
(,1 J

ox(J

O9
C)

Eo
roo c)C'- O-

tqt
LL
O'F o,-> C

=,FI P-
rG!
r LL

O PC)r.- c _oC,Eo ofcc
ocJ



VIRGIMA DIVISION OF MINERAL RESOURCES

NCO\O6\O t\OO\:-OOOOS$ \f,\f,6rS
NNt-$.+ -f\t--o\mNNhn hh_feco
O.O.O.O.o\ O\O\oFmF-NNN
33=3= ===f =

esNN\O NIO\tt4NnFNNn FnN.sN

ooo\\O\Ot4O-+ \tcOO(f,\O
N ec!r4 l.)et4

e\O\t 6 \t \OO\o
hf\\O.$rtr t9|O..i'\OcO

ocO14\t
CO N \O F- l"l()C)Ooe

o oo s
O\eFo\\O Cf,{}.lcON

rN rlflFN

o\
14{'e(f O \tf\\t\to
C!FC!NGl (!eAlf.)

ooco60 00 ooo
Nl.!@
rf6-

\ONcOIOO \OoNho
mNNmN r\Ol.l$S

F\OF\O6
m \t r..' @ r\ooooo

oooNo @ooQOhn$1\f- $\l\O€r
Ne-

N

l.- 6 co d F- -t no r.- -.otnt4r eeNE

\tO\()f\cO o\N\O-tF\O\OF--F rNh\OLv
co co co o. o. o. o. rq €o cg
.o\O\O\O\O \O\OF-F€
e&.eed e.e,E E,E

L
0,

-o€o:tJZ

a6-

L6_oo-

oil-

-d

LA

a^
baoo-

;rA

oa

dd

aE
rg
ocL

C'Lr4)
g€
6f(nz

N€\Oh\O F-oo\eo
OOo\t'.t \t\thI\\t
NNF-\'.\t \f..'eeO\
NNNhh nh\fF@
O\O\O.cO\ o\O\o-|o

-FNNN33==3 =3:l=3

rO cO t^- O. CO \t

tnNNr.!tft t4hnl-N
l.l eN

JJJJ JJ
O\tO\ON eenon
\trFr\f FMIN\tF-ooooo ooooo

t.*cOcOcOO\$O\terlN

Or-eorOONNCOF

-fc!cO\tN
AIFFF$

OhF-OMl \O\tel\
€OhhcOO\ -l\Of4\O\O
c)

eOeN
cOeN.+r
o

nlelO\ON i4t46\O\tNO\NN\O r\fcO\tN
c)cf,oc)o ooooo

o$t4Nt'-\t6co-\o F-$\o\oo
OrOFN OeO-O

$ o. No\F@t-n\OeN \Srorr
()er

nM)l\\fN oFO\1.!@
t'leeN\t e$r\lN

f\-n@O\ O\O.cOCOh
NNttY)e e@MtN\f

.f O\ot\cO O\N\O$erOrONee rNh\O(U
@cOcOO.O\ O.O.rOcOcO.O .O \O \O \O \O \O a\ r\- cO

&Eee,E d&edd

50

OJ

6C
6f
JZ

od<o-

a^
od-<o-

o

tDLO'

P P-o c)
a1o Poo-
3 c! E

t F90JUEO -O .
tt 0, - |.eohiLta)'ll C) L
o Poo
! +u J

; ..'Eo ooo o!6C
lD .rlG
c !-o c, olR
3 '- oh

O'- fc, lgJ
= 0, O-O-e !o ta
E Pg}(uo oo
+ Pq)\OJ
o coooc, o-P

'\ O

E ! C!(! 00o !.-!rO Or .
aaLo or'- o oO J E!3O -CDaE

o > rLc
f !c,o oo3>c cv o I

PACO
E '- or
v o o >Lc(gCO
-O P I G-OL6
O O O+J6e O0rf tn
s J occ,o E ooa O,->c coP
o o ooO U).-.-! EC>

.F(DL
o J!! c)oc_og .9P E

o o o!.-e c_o9. -(oOOCo rrY)
O.- .- O-o
Cr^C
OG ' O{).JO L'FT L
o oPpo

oo 600=
OO Pe,-C
e o o (u >cO- Jo
E O X(g.-c! L-O cp(g3 0 (u(u

oorO P C O,FI C O.F+L C O.- I,-o o o e o-P
.Fro o c L (J
E o O-.- oEP E O.-rL C L L
t O ,-OYU
L o. ! O=o o o o oo.-c cT| o_>
ooo
= 'eq o
' P O C,-I Of O
I L O'F L

! !ooot\- C'- a 3
CJ OCEfC.- @ C
(o()

c
0)

FL
C)

ooorL
0)

!.)vo
L
o

c)(Eo
2C

c.)

P

q,

=L q)

Ico

c)

c
0)

Jo
<Lo

!c
c.,.Fo

IDL
o

C'|LJ c.)

a=



5tPUBLICATION 122

OCONTh OOCrC)OsSqt4tl \fn$rO
ENFFF

-O.noO\N

No\000
rfl\OOFN

F(\le

!!-.o{o. o€o6F-
NFFN}4 FmNNF
o

;Nnax sRKh$

538$S 5sf,f,S
FNNd$ SXs=$
=55=5 ==ili

JJJs\o\o\t
J .JJJ IJ IJ tcO\C!F@ N-OrOMr

FFN N N

NNN h
ohF.-O\o \tF-oheN

c) tr.- O.
Nt\-()N\O lflr.'Ntfl 60

J
N
nnNo\o

-e-ra)

msofm R^**^.d;d'; 'o..+o.d

JJ

^, 
\O l.- l.-emhNo\ h\or{)n\o

r.t

o
.SNo\|,r\O
COe

\{q9r\co o\N\o.J'F
€€855 5$p€$&&&&& L&&&&

L
c,

JZ

co

ollco

o- d-

zo-

! il_zQ-

(n^
tF

-o ilzo-

oa
=o-

ci]-EO-

JA

'- aLJO-

CTLro

ofo=

xFFfrX Xfrs!fi
==5== 5=SlE

OrrlN,COe
NFre{.

oc)roF6
reo{.e

JJ
rq \ONn\o-|4\o

ffx€93 s33P3
FN FNN

.$erOee
NN\t\O\o

RETNil CBRRs

o
OOo. l'.-x

Flr(!N

<)Fen\Oto No\ONO\
Rlre-rO \tFN-

JJ
f..- 6 

-FhNO@

JJJ{O\O\tN mre14f\
NFtrl-rt FNN\tF

6ho.c! -t6R, (\l
Oi4h146 rvCO\OeO.

i$ddd,t'F':dd
oi.+;r;d dd'd'd

$355$ l$r$$

Oh\OsnFl.'$O(>Cft4r

\tN66O
6ttttho\
o

L
lu

JZ

olLJO

1r E-

+d-

@^
ora

A^
+e

oo

qlL

J.LuO-

(^
tF>d-oo-

:6-Lr o_

{JL
J(,s€
ofoz

g)
L

o
!
E

o

o

o
I
(,
o
3

-
c)

E

c.)

o

oo

o

J

'F Ol

O!
EOoo
O'

co
Ol '-
ruo

J!
o
oooooo
LI
P 0,,

of
\o

oo
'=9

rL
'Ooo.-L

=

N

-o



VIRGINIA DIVISION OF MINERAL RESOURCES

t.|-n(3ir\oNcor

F*o\\OoN

ton60{*rNlNFf

t'-CO\O6\O F-oO.ro
oOO$$ .$$6N.s
r\-F-F-\t$ -f,+r-o|NNN6h nh_+fco
6OrO.GO. 6O.oe14

EFNNN
333:3= 33===

l'.-cO\On\O No65q
ooo$$ \t\tnr:J'
t.*F-F-$$ \t\trera
NNN66 6n\tFq999999 99RFR
=3=== ===33

i.) co ltl o o\onn\o-.1
O

\d.t\c|-N
f!{,eem

C}

-oE
J=

?7
Nv

c6-No-

;d-a

aE
>o-

30-o

?a>o

-6--d

(uL
JCJ

a=

{NnN\ON \O tO F.- t4

OOOrO OnOOO.ocoo\.oco F6\o@n
finr

.ioo.. d^*oigNrNN NNN14N

n6coi,- n -Nl.-
\o m 6,"f -t N tR n o\.o

NO.oF-\O{'rS14\O
a

N F- 14 n t'\ cO f\- |\'-
sNdr)F. N.-r.|cO\O
O

o|, rn
Of!f4d)!O .OcONnN

**r-N rrNFl

.OnO\NrQ F{}rl{f,O.\t
rue-*rtn .-$RlNm

|-of,f-oO. .*f4o0On
ruFJCJts1.* rdr{$

OrOncO tt- cO-N
\Om-+.+e, ruo\*$l\

-3t*{l) O O o cO
{q'n-".Q +-+O\O
*

so\ol.-co o.N\o{e
rOrOF*ee rNn\ON
co co co o. o\ o. o. f4 Qo c9
\O.O\O\O.O \O\Ot-Nco
d.deeN ee&ee

O.n N r.' \O

mNm\t{ 14\O\ONnm

:8 E:: A::::

€ coo. o\No
{-co\f-tF- C!COO,Ml\o

s
t'* o n 6.OmN+t7)

oM)Onrq nCO\OOO'
aVrNN$ F14-rON

€88;6 A$neF
&&&LL. &&&ee.

L
q,

3E
J=

clL

.C)E-Fo-

oE-

q^
;x

c6,@d

c.5
ad

oO-ad

o6-@o-

.oA
@O-

-oo-

JC)

EE
az

52

o

o
L

q)

o0

qJ

(!
o

o
o
3(!

C)E

tt\
c)

oa

o
a
of
c

c
.- CJ

O9

oo
ol

cac,r.-
et^
OGJ3
C)

oooo
9c)

CEo3

c

P

'O
o0)
G

=

c,

o
F



PUBLICATIO}I 122 53

Table 7e. --Arith}:!1" f?al , observecl^range and geometric mean ef -r^-"i-ara a-rultimare analyses, heaL conlenc, rorms or suri;;;-;;; "iiirt"iiS;"1;il;;;"8il;",for 10 birumiirous' coar samples fror-it",.-j";b;;;-;";1 b;a; s;;;;;.;;"V;;;i;i;:For eomparison the arithmetic 
"tra [.ornecii"-*""rG ;i ;h;th;i-;;a-Aiiii-3.I.*'samples'of biturnitro"u-.o"i -iioil"ir-tE"Xiip"ii"rrian 

basin are included.
IA11 values are in percent except Ply,Zfl , ,KcaL/kg, ash-fusion temperatures,and

T:tl/Ig_:-P:ls!.8!y1!Pt aash6a val[es'(:--)'represenr Less rhan rrve sampres;(rl/ t-s nurnDer ot samples per parameter. ]

Jawbone coal bed Appalachian basin

Arith.
niean

-gbservgg-{cnge
Min. Max

Geom.
mean

Arith
mean

Geom
meanfn)

Proximate ancl ultimate analyses

Moisture
VoIatile

matter
Fi.xed

carbon
Ash
lydrogenuarDon
Nitrogen
Oxygefr
5u Lrur

)?n

2.6.07

L.20

18.70

36.90
10.10
3.60

49 .2A
"80q 1q
.40

4. 00

32.30

s7.00
39.00
5.00

75.70
1.40
7.70
1.93

2.r9
25 .64

s0. 00
19.55
4.38

65.23
1. 19
6.55

.ov

3.23
?2 /,4

2.69

3L.72

5L.76
9.83
5.00

70.L7
L.37
8.22
1.63

(4 ,7 60>

(4 ,7 60)

(10)

( 1o;

(4 ,7 6A)
(4 ,7 60)
(4 ,7 60)
(4 ,l60)(4,757)
(4 ,7 56)
(4 ,91 4)

s2.48
11.83
5.02

70 .69
1.39
8.92
2.Ls

(10) 50 " 3s
( 10) 2L .28(10) 4.40(10) 65.7s(10) r.2L(10) 6.59(10) .77

Heat content

7,030 6.979 (4.159\
12,644 L2',553 (4',759\

KCal/ke
Bru/lb* 7 ,442 6,373

11 ,451
(1q) ,a,+32 4,647(r0) 15,568 8,358

Forms of sulfur

Sulfate
Pyriric
Oiganic

4.02
.30
.48

0.01
.04

a.02
.L7
.46

0 .04
.65
.tu

(6)
(B)

( 10)

0.08
1. 36

.82

0
1

05
27
66

(4 ,245)(4,392)
(4,393)

Ash-fusion temperature ("C)

(4,063)
(3,722)
(3,449)

1,386
I ,403

L,382
1,400

1,246
L,280
L,328

T,255
L,287
1,334

T,2L3 1 . 515L,28s L"5211,32L L,43s

(B)
(6)
(4)

Initial
deformation

Softening
T Itl].O

Free - swelling
index (e) 5.78 1.00 8.00 5.03 s.53 4 .68 (4,603)

Air - dried
loss (10) L.42 0.40 3 .40 L.23 l_. 83 1. 13 (3,858)
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Table 7f . - -Arithmetic mean, obse^rved range, a4d geometric mean o,f _ashiontent ind concetrriiiioni of ff maiol-'and minor-oxides in the
i;t;i;aoty ash of 10 biruminous coal sampl_es frorn the Jawbone c
b;4.-S;rt6w;;a Vireinia. For comparison^ the arithmetic and

content and concentrations of 11 ma

bed, Sou
sh of 10 bitumi"o"J-"oil- sarnples from the Jawbone coal
st Virginia. - For .comp?rison^ the arith*?t,i9-119

seometric means oi".iii.t.r"f-ina-aiiff core samples of bituminous- coal
f;;il-ih;-appilachian basin are included. (n)'indicates the numberf;;t"-ih;-appifacnian basin are included. (n)'indicates the number
of samples per oxide.

lAll samples were ashed at 525'C', all data are in percent. ]

Jawbone coal bed Appalachian basin

t'n )

0bserved ranse
ATI LN
mean Min. Max.

Geom.
mean

Arith.
mean

Geom.
mean t'n \

(Ash) (10)

sio2 (10)

41203 (10)

CaO (10)

Meo (10)

Na2o (r0)

K2o (r0)

Fe203 (10)

Mno (10)

rioz (10)

Pzos (10)

So3 (10)

22

52

23

s.9

.86

2.2

5.2

.05

1.8

.13
?n

ll
JCr

18

.56

.066

.L6

.91

3.0

.007

1.3
n')

/,o

42 20

63 sl
28 23

L7 2.9

1.8 .65

.89 .21

3.4 1.9

12 4.7

.n .03

2.6 1.8

.28 .10

8.8 2.L

10 (5 ,262)

4L (5,229)

23 (5,229)

1.5 (5,221)

.15 (5,258)

.34 (5,194)

1.7 (5 ,229)

13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

r.9 (5,063)

1?

43

LL+

2.2

.85

.43

2.0

L9

.03

r.2
.50

2.5
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Table 7g.--Arithmetic mean, observed ranse. and seometric mean of concentrationsof 54 trace elements in 10 bituminous"coal safiples from the Jawbone coal bed.
Southwest Virginia. For comDarison the arithmbtic and seom€tric means of
channel and diill core samplbs of bituminous coal from Ehe Appalachian basinare included. Dashed valubs (---) represent less than five Sbmples: (n)
indicates the number of sampl<is p6r element. IA1I data are in pbrtslperlmillion
and are reported on a whole'-coal'basis.l

Jawbone coal bed Appalachian basin

Arith.
mean

Observed ranse

Min. Max.
Geom.
nean

Arith.
mean

Geom.
mean

Ao
AS
B
Ba
Be
Bi
Br
Cd
C.a

C1
Co
Cr

Cu
Dy
t1r
Eu
F

Gd

Hf
He
tio

Li
Lu
Mn
Mo
Nb
Nd
Ni
-Hb
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr

Tb
IN
T1
Tm

w
I
Yb
Zn
Zr

(4)
(r0)
(r0)
(10)
( 

191
(10)
(ro1
(10)
(3)

(10)
( roi
(10)
(ro1

l1l
(10)
(10)
(10)'(7t
(6)

(10)
(19)

(r0)
(10)
(10)
(10)

(B)
(i0)

(B)
(10)
( 

191
(1)
(7)

(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
( 

191

(10)
( 10)
( 10)
( 10)
(10)
(10)
( 10)

t:;
22

140
2.0

.:--I)
.07

38

7.0
30
1.9

-::
.54

t40
1.0
L.L
1.1
2.0

1/,

^;--z5
5v

.22
69

5.9
L7
11
r1_ 

_

,;--L+4

.67
6.5
3.2
2.9
1.9

r90
.59
.42

7_ _!

2.5
28

0.02s
2.4
4.L

.+b

.49
;';O,U

.028
1a

180

LZ
.4U

15
.94--;,
-24

4B
2.4
L.2

.36

.70

. 016

9.0
L2

.10
9.0

5A
.77

Y.L
5.Y
4.5
L/,

18
.37

2.7
1.0
1.3

.63
51

)A
.19

? _t_

1.3
7.4

.40
2.9

.60
2.9

11

0.08
33

2501n
3L- 

-

.13
70

530
L4
56

J.U
4L

.94

.90
260

11
3.2
1.8
4.U

.4L
,;--4L
79

.JY

,-L
76
1.1

11
4.9
5.3
4.0

580
11

1'
1t.

:,:
49

1.9
L6

2.5
JZ

110

6.3
18

130
1.8

";- 
-

LS
.46

e".L
27
1.5

25-
- - 

aat

L2A
6.3
2.0

.92
1R

.09

t1
2/,

.24
/,').

L.2
4.4

L6
10
t9-,

3i--

.10
)"1

780
I .4

18
1.3

L9
3.3
1.5

.44
99
6.6
2.6
4"7

1A
.22
.76

.24

.34
3.0
3.4
I.7
1.8

24

.07
L7

s10
5.7

15
.85

2.6
L"L

.37
7L

5 .l+
L.9
2.5

,oL
.15
,6I

8.9
L4

1lL
15
2.3
1.9
9.9

T4
6.2

,L4
3.6

22
.91

2.8
L.6

. UCt

79
.19
.29

z,J
2.L

.38
I.J

LY
.B0

7.2
.92

0.07 0.053s t330 2090 632.5 2.Qt.s ]- l22 13

(4, s65
(s,Le7
(s ,016(s,134
(5 ,247

( r08
(4,892
(4,e78
(s,07s
(3,646
(5,2r7
(s,20s
(4,831
(5,239

(7 se
(1,200
(5,032
(4,860
(5,046
(L,773
(4,508
(4,932
(s,031

(37 8
(5,r47
(5,243
(4, B8s
(5,260
(4, 889
( 5 .00s
(+',ztt
(5,240
(s,r72

(18
(960

(2,232
(5,003
(5,2L8
(s,0s2
(5,005
(2,352
(5,L46
(4.369
(a',esz
/q noQ

(382
(46

(4,99A
(5,24L
(4,/+2L
(5,234
(5,151
(5,243
(5,238

2L0
3.6
9-4

?o
1B
20

11
ZL

.L6
Jl.
3.7
2.6

13
I7
8.8

.17
6.1

28
1.4
4.4
?A
2.4
r.6

i10

. or
5.8
2.8
2.6
L. /

160
"52
.39

2_?

;-;z.a
)q

8.5
1.1

22
24

.74
8.8
L.2
8.2

42

.82
9.9
T,4

11
52

L4
T7
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RAVEN COAL BED

This coal crops out in Buchanan, Dickenson, Russell, and Wise Counties. Other names for the Raven coal bed include the
Lower Douglas coal bed in Tazewell County, the Raven Red Ash or Red Ash coal bed in Buchanan County, the No. 6 coal bed
in parts of Dickenson County, and the Raven, Garden Hole, or Imboden coal bed in Buchanan, Dickenson, and Wise Counties
(there is no correlation befween the Imboden coal bed of the Wise Formation and the Imboden coal ted mentioned here). Most
production of the Raven coal bed is from Buchanan and Dickenson Counties with lesser amounts being produced from Russell,
Tazewell, and Wise Counties. Total production in 1989 was 2.1 million tons (Virginia Division ofMines, 1990). Sarnpled
thicknessrangesfrom3.5feetto5.lfeet.Atsamplelocations(Figure15),thecoalis chaructenze1bymoderate-towell-developed
medium cleat with moderate thin- and medium-banding. Pyrite occurs in one or two shale partings, which also may be bony. The
roof is normally shale in irregular contact. with the coal, but sandstone roof occurs in several Rau"n mines.

The location and descriptive data for the Raven samples are shown in Table 9a and the analytical datauein Tables 9b, 9c,
and 9d. Geometric means (Tables 9e, 9f, and 9g) for CaO, MgO, MnO, SO' Br, F, Li, Mn, Sr, Th and the free-swelling index in
theSRavencoalsamplesaresubstantially higherthanforttreAppalachianbasinsamples.Ag,Ge,sulfur,sulfate,andpyiticsulfur
means are subsantially lower for the Raven coal samples than for the rest of the Appalachian basin samples. ln addition to the
elements below the de0ection limis for all the Virginia samples, Bi, Dy, Pd, Tl and Tm are below the detection limis for the 8
Raven coal samples. Pr, with only one unqualified value, has no geometric mean calculated.

59

Figure 15. Locations for samples from ttrc Raven coal bed.
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Table 9e.--ArithT::i. 1r:ll,-?!:glyudrrlnge and geomerric mean_of.proximare andultimate analyses, heat eontenc, rorms ot suL-iur;-;d "Jt'jfi"ton remperaturesfor 8 bitumin-ous 9o.al samples fiom-th; R;t;;-"o"i u.a,-so"ih;;;; vi;[i;i;:'=io"comparison the arithrnetic'and geometric meins-;f-ch;;it.i-;;a"e;iri'.3ili-li*pi."of bituminous coal from rhe-Ap;;i;;hi;; ;;i; are incruded.
[All values are' '-!';_...";;rii;g]i"E:ITl5 :i:'f 5n3:E/lo;"f!fitl5e;.1:?;58"fr:lrr.'peF':"6 jE,*td+ zz;KcaL/kg: 0.556 Btu/lb; (n) is'number-ot-""*pr.i-p"r-p"r"*"t"r. t- '/ -

Raven coal bed Appalachian basin

Arith.
mean

Observed range

Min. Max.
Arith. Geom.
mean mean

Geom.
mean(n) /n\

Proximate and ultimate analyses

Moisture
Volatile

matter
Fixed

carbon
Ash
Hydrosen
uarDon
Nitrogen
uxygen
SuIIur

(B)

(8)
3.60

33.60

64.20
24.59

s .20
82.4I
1.56
8.00
L.20

2.0L

29.25

56.L4
10. 65
4.87

73.89
1 .40
6. 81

.81

3.23

32.46

52.48
ll. 83
5.02

70.69
L.39
8.92
2.L5

2 .69

3L.72

5L.76
9. 83
5 .00

70.L7
r.37
8.22
1.63

2 .48 1. 50

29.63 2L.4A

56.36 50.4911.93 4.I2
4. 88 4.I274.08 63.64
1 .41 L.I7
6. 85 5.98

. 84 .50

(4 ,7 6A)

(4 ,7 60)
(B)
(8)
(8)
(8)
(8)
(8)
(B)

(4 ,7 60)
(4 ,7 60)
(4,760)
(4 ,t 60)
(4,757)
(4 ,7 56)
(4,974)

Heat eontent

KCal/ke
Btu/1b-

'/ ,285 6,267
13,103 LI,26I

8,080 7,267
14, 533 l-3 , 070

(8)
(8) 7 ,030 6,979

L2,644 12,553
(4 ,7 59)
(/+ ,7 59)

Forms of sulfur

Sulfate
Prrri tr'^r / ! I urL

Organic
0. 02

tv
.oJ

0.01
.03
.45

0.0s
/,o

.7L

0.02
.12
.62

0.08
L.36

.82

0.04
.65
./u

(8)
(8)
(8)

(/+,245)
(4,392)
(4,393)

Ash-fusion temperature ('C)

Initial
deformation

Softenine
n lul-cl

(8) L,346(8) r.407(6) 1;4s8

L,207
L,260
1; 307

T,443
T,477
I, ))4

L,344
1,405
I ,455

L,255
L,297
L,334

L,246
L,280
L,328

(4,063)
/ 2 1t)\
(3,44e)

Free-swelling
lnCtex (B) 7 .L3 6 .00 8.50 1 .07 5.53 4.68 (4,603)

Air - dried
loss (8) 0.93 0. s0 z.lu 0. 84 1. 83 1.13 (3,868)
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Table 9f . --Arithmetic mean, observed range, a4d geometric ne*n ol- 'rrh
conrenr "na .oiilit?"tiotti-;i- ii-*ai;?- '?nd mlnorf 

"o"i*9:- 1"_:l? .^i;t;;;;"ii*"!t"Ir 8 bitumino.r, .o"f'""*pru" FtoT the Raven coal bed
i;;;h;;;i' vllsini": .. i;;*;;tr'p"rii.n Lhe' ari-thmetic and geomelti" --i 3;;i;;; i' viiliii": " F;;" ; ;;p;' i ; ;; Lhe' ar ithT.:! i: ^.1:d ^ 

q: ?*?:::";::;'i-;i'-.il*fi:i';'a iliri";5;;-;#pi;; ;i-bit"*i"o"' qbal trom the
tiifi"Ini;;*i;;;i"*"i"-i".r"a.4. "1"5-i"aicaie" the number of samples
per oxl,oe.

[All samples were ashed at 525'C', all data are in percent']

Raven coal bed Appalachian basin

Arith
/n\ marn
\ rrl

obse::red-isngs

Min Max.
Geom,
mean

Arith
mean

Geom
mean /n)

(Ash)

s io2

A12O3

CaO

Mgo

Na2O

Kzo

Fe2O3

MnO

Ti02

? zos
SO:

(8) 13

(8) t+9

(8) 25

(B) 4.0

(8) r.4
(8) .33

(B) 2.2

(8) 7.6

(8) .03

(8) '1.5
(7) .30

(6) 4.6

.04

1.8 I
.65

9.L 4

10 (5,262)

4L (5,229)

23 (5,229)

1.5 (5,221)

.75 (5,258)

.34 {s, re4)

L "1 {5 ,229}

13 (5,2L5)

.02 (5,260)

]- 1 (5,203)

.22 (3,389)

1.9 (5 ,063)

4.d

40

20

r.6
1.0

.IJ

.69

5.2

. 017

L.2

.08

r.7

55

2B

L4

1.

11

1,!

QA

.+

.03

5

)\

43

24

2.2

2.0

L9

n1

'tt

.50

2.5

I2
48

25

1

I6

55

1 1

1
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'1.:-ble 9g;. - -"rl'ithmetic iliean, observecl ranqe , and seometricor )4 trace erements in B bituminous doAl samiles froms-outhwest Virginia. For comparison the ariihiretic andchannel and diill core sampr6i .r-iiiiiiri".""'^coal fiomare included. Daghed valubs (---) r.pr.".rri less thanindicates the number of. samples,per el;;;;-C. iAii A;I;and are reported on a wholelcoal.'basis.t- -''

69

mean of concentrations
the Raven coal bed,
geometric means of
Ehe Appalachian basin
five 'sbmples; (n)
are in nir1-s-ner-mi1lion

Raven coal bed Appalachian basin

1n\
Arith.
mean

Observed r4nge

Min. Max.
Geom.
ltrc dll

Arith.
tTIYdIL

Geom.
mean ttn \

6-

B
Ba
Be
Bi
Br
Cd

nl
Co
Cr

Ult
uf

ET
Eu
F

Gd

trc
NI

He
Ito

L\
Lu
Mn
Mo
Nb
Nd
Ni
Pb

Pr
Rb
c1-

Sc
Se
Sm
Sn
Sr

Tb
Th
T1

Tm
U
r7

In
I

Yb
Zn
Zr

(7)
(B)
(8)
(B)

i9l
(B)
(B)
(8)
(s)
(B)
(8)
(8)
(8)

ir)
(B)
(7)
(8)
(4)
(4)
(B)
(B)
(r)
(B)
{8)
i8)
(e)
(7)
(8)
(7)
(B)
(8)

iii(5)
(7)
(B)
(B)
(B)
(t)
(B)
(8)
(8)
(B)

0. 02
B.s

20
100

1.5

0.012
2.7
4.8

46
1.0

0.04
l/

260
2.2

o.a2
7.L

L7
85
L.4

0. 07

30
90

1.5
LL

.10
2L

780
7.4

18
1.3

LY
3.3
1.5

"44
99
o.o2A
4.7

.79

.22

.76
11

0.05
13
20
63
2.0
1.1

13

.19

.29
t '),

2.L
.38

1.3
LY

(4,565)
(5 ,I97 )(5,076)
(: , l?t)\),2+/)

(108)
(4,892)
(4 ,97 B)
(s,07s)
(3 ,646)
(5 ,2L7 )(5,205)
(4,831)
(5,239)

(7 5e)
(1,200)
(5 ,032)(4, 860)
(5,046)
(L,773)
(4, 608 )(4,932)
(5,031)

(378)
(5,L47)
(5,243)
(4, BB5 )(5,260)
(4, 889)
(5,005)
(4,23L)
(5,240)
(5,L72)

(18)
( e60)

(2,232)
(5,003)
(5,218)
(5,052)
(5,005)
(2,352)
(5,146)
(4,369)
(4 ,852)(5,098)

( 382)
(46)

(4,990)
(5,24L)
(4,42L)
(5,234)
(5,151)
(5,243)
(s,238)

35
.06

750
7.3

Id
L.4

--;.
.l+Ct

400

1_?

.98

.13

L4
)p.

28
L.6
2,7

LL
11

7_:-

16
.68

4.3
)A
2.0

.oz
lB0

1.4
. 030

11

230
3.1
8.3

)o

i:i
.30

81
.09

3B
1,700

13
26
4.4

24
;--r.)

A'l
1,900

9.4
2.2
1.1
1.8

.JI

.s3
2A
49

47
2.4
+.2

18
16

;i'tn
1.0
5.9
3.8,e
I.J

380
.57
7?

6.7

aaLJ

.06
25

600
6.4

LI
.94"to

-::
.50

180

!_!
o)

.10

13
22

.15

1.5
') 1,

11
11

9_!

"---I)
.65

4.0
2.6
L.V

.49
160

.zo

.37
4.0

.07
ll

510
5.7

15
X\

15
2.6
1.2

.37

5.4
r.9
2.5

.62

.6r
8.9

L4
.L4

15
t?
L.9
9.9

L4
6.2

.14
3.6

LL
.91

J.O
2.8
L.6

.86
79

48

1.0
.37
.60
.040
.53

9.0
3.7

.10
9.61n
1.0
7.8
7.6
2.L

5.3
6.5

.40
1.B
1.9
I.J

.LV

.16
31
3.7
2.6

13
T7
8.8

.T7
6.1

28
L.4
4.4
J.O
2.0
r.6

110
.24

3.0
3.4
I.7
1.8

24

.28
{v

4.L

93
.L4
.20

2.3

1.6
2T

.61
7.s
1.0
7.6

18

.ot
7.8
1.1
9.7

LL

(8)
(8)
(8)
(8)
(B)
(8)
(8)

L.6
23

- -.eg

9.L
.40

5.3
.80

4.2
6.0

i.8
50

.75
10
L.4

30
.+u

o/,
8.5
1.1

22
24

.80
1.2

.92
I4
11
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AILY COAL BED

The Aily coal bed crops out in Buchanan, Dickenson, Russell, Tazewell, and Wise Counties. Wise County accounted for all
j1g74tons produced in lt89 (Virginia Division of Mines, 1990). Other names for the Aily include the Hog Wallow, Raven, No.

3, ortheJawbonecoalbed. TheAilyvaries in thickness from 1.5 to2feet. At samplelocations (Figure 16), ttrecoaldisplayspoorly-

developed medium cleat with medium and thin banding. Pyrite commonly occurs on both cleat and bedding.

The elements Bi,Er, Ho, Pd,Pr,Tl, andTmarebelow the detectionlimits forthe2 coal samples from this coalbedin addition

to the elements below the detection limits for all375 Virginia coal samples described in this paper. The geometric means will not

be discussed because there are only two samples. The descriptive and location data for these samples can be found in Table 10a

and the analytical data can be found in Tables 10b, 10c, and 10d.

Figure 16. Locations for samples from the Aily coal bed.
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NORTON FORMATTON (UNDTVIDED) OR UppER PART OF THE NORTON FORMATION

KENNEDY COAL BED

This coal crops out in Buchanan, Dickenson, Russell, Tazewell, and Wise Counties and within tle area may also be called
the Widow Kennedy, Harris, Grundy, fower Banner, or Douglas coal bed. Production in 1989 was 1.6 million tons (Virginia Di-
vision of Mines, 1990), mostly from Buchanan County. Sampled thickness ranges from 1.9 to 4.3 feet and averages 2.5 feet. The
Kennedy coal bed has moderate thin banding with a poorly-developed medium- and fine+leal There are two or more thin
mudstone partings which contain pyrite. Near the Russell Fork fault in Dickenson County, the upper half of the coal is severely
sheared and in mines from which coal samples were taken ttre roof rock was unstable shale containing abundant plant fossils.
Figure l7 shows Kennedy coal bed sample distribution and Table lla is descriptive and location information.

In addition to the eight elements below detection limits for the 375 Virginia coal samples, Bi, Dy, Er, Ho, Pd, and Tm are
below the detection limis for the Kennedy samples (Tables 1lb, llc, and I ld). Tl has only one unqualified value and therefore
calculation of geometric mean is not possible. MgO, \O, MnO, Br, Ho, Pr, and free-swelling index geometric means of the 14

Kennedy coal samples are found to be substantially higher than for the Appalachian coal basin samples. B, Cd, Ni, Zn, sulfur,
andpyritic sulfurgeometric means are found tobe substantially lower in theKennedy coal samples than in the Appalachianbasin
samples (Tables 1le, 1lf, and 11g).

Figure 17. Locations for samples from the Kennedy coal bed.



VIRGINIA DIVISION OF MINERAL RESOURCES

6006aq60
oo0ro
JJYIZoooo

FFFF

rGLU

o
L
c)

E
6o3

o

OCJO.JO

!!15!

oooo
LLLLtDorog)
LLLLo(ro(,
cccc

a
h\n6

NN
F-Nt-

cc\ \ _ - r c .=
^A nnhn n.F O\o^n^o..r,,d^!
h!- Pt\-I\,tsN Nt-.
-'.Fnl.-n Cvvvv -CnjNs-.v . f 

=-; 
OI-!r! €EEEE E9!i.E6.3> .S333 S.-<!:Lo! eccc c e c,i,DO O O L J O O G o € 6 O f .;(Jazca v>>>> >szoo

F=+]!-= ===== 3===\h+O\r\ OrrcON n--+g!:h\t-t \tOONN nhOdrNF{'t4 O\-eoo .Oo\cON
::nqJ!:!- noc)(fo 6hoo
N!:ry!_vN F(\INNN N-NNco coco ooo €ocococo co co €qi qt

4=1=1 =ZZzZ =ZzzM)hO.aOO O\rflfrtrtO nN-co\tme:$N 6\t\th(> FNSnq-ry. \\ Nooo.o |4co--Sf,RRR f,f,f,Rf, f,RRRr4 l{) t4 14 F) 14 t4 t4 14 |rt 14 f4 rr rl

--- \O M)\th\O l.-o|4FrNNr COrrFr rrNe

fi$s$H $$$$$ $$H$
9ry9cQN NcOOTION l.-Nltr.)Ql|]o\\ON -\t$NN O.O.O.O.9at_\l-- $$$cOcO t4nn6.qlry:i9-- hnnhn f-NF-i4Oo6-e
===NN NNNNN f\JNNN
=3=3= =3=3= tjjj

9!q.-:ryt/: !Qfo$cOO* Nr.rcO-14c9>t9.O €oo-- $nhmcaaqpo!o $nnnn nnhcd\O\O\Of.-N cocO.OcocO co--cd
ddeEe EddEe eeeE

00606 0 06q7qoo6 o 60
EEEOC' O 6JC'CCCCC CppCC

JJYJJ Y.F,FJJ
O O O O O OJr O O

.F o o.F.FEECSE EAU'EEFFFFF F F-
LL

J o oJa-=33a3 : &6::rBLUL L-Jq4

! E !:Oc,, cJ oo
L L LLo o oc)!!<! !:O!!=

OOPO P(lJ(UPe
LLGL OLL(uGoooo o0.rcJ6rru-Osc 3€ 3cr 3 toPP 9 uuLOO 'O roG. ,0 o 0.r- o J o oJ_E-:lo= o-t60

o..\
9"-Ot CJ (r0r0,rOO
-6AC C CCCCC

r i rF F e I 
= 

e -ooJo-
,:,:.= P P PP }P PFFE-= iii--

--JJoo oooooOOJOLL LLLLLooooor EDDCDtDOOOOLL LLLLL
!-!-e (.J C, O O Ci O O: \ !PP PP!91'___cqa0== l>l=>

99QOO OOOOC) c)OOOoN@\fo NcO\Oo\O +o-o
>fQq.:>f N@t4Nt\- N-\Or\-NN\t\tN NNltlNN 14N$N

gceq ccccc cc c
-gqq o GoOoo oo-o
-, Eaq c ccccc ce-eqo02crc, oGooo cooo
9),E+Xv EEECE EEAEq 9 o o o o o o o o o O oaf l.-.-.- f f J f J 

= 
i j idcocfoo toco6coc6 6odo

76

o
oc!o)vQo
L CO ll'

o
d

oo
o-E>-oFat

600roc)
- Cso-J OEoc
O .-.-AEvF

:to

C)rA)
IDE
(Ez
L!o(o6
l=
o

q)

o
J

{,

o

ioo1Z
0,

oaz
t,of,o

J

ez
=o.>E

!
o
0)3E

oo

(,

oo

OJcc
0,Y
oc

o

6
0)

oa

o
a
o
o

f

s

I

o

o
oo

o

co

oa
c,o

0)

o
F



ttPUBLICATION 122

€$E€N!S$B9O.NSllo\ohnnnO. O. O\
NN(VNNC!3=3====i3

\O.ON NcO@

\i" €o o
\o lvl \t

Pe9) Qgo ooo oQQ oQO O(]C) ooo ooo oooFSq P€9 fo\oo 994 -E= .o+- -+N F-F Nco+GNN NrF- No\\O r.-co14 +\Orv1 -mF -:,o i!dbo +co.o
r(\ln \thn NN6 ee6 OOrn 6hh $6n \+nh \f{h

9O9 9oo 9oo ggo Qoo ooo ooo ooo oooq=q oNN r\-oF- oo\h -14; NNF F-€ =+ai;Fo.\C)co$ N\tr\ oN\O nhn Fdn -ri^i! N-t6 N16od oivb
\O\O€O €aOcO I\NcO \O\OcO hrlO cOcOcO AOcO @@cO cOcOcO

cOcOo \O\O\O \O\Ot, I\-@o .fn- Nt-N o\oo
() __N

4n.O -cOo\ -\Or! cOt\,+ F-rOe OC)e hrN F-14$
\O\tn \Orr'l.t rn rO$ \O6N nFlh \ti.ll.t {tnl.} MtNN

t-tcO \t\lh .+.+F- N(\t\O e-\O \O\O\O t,-NcO h6\O h\OI._

ryqcO \tl.-N- \OO\N \OhO. tf}cOco -NN O\{-N o\14N \oNn.:.
\c94 lqncO rNF- \t14>t @O\h *ONO. -r\OO. }.)no r-rco\o\o.o coco€ NI.-o .O'oco hnaEd d'co6 co6b ixtccjd cOd6

9.Oco -O\e \Oh-f Forv 6Nm 6cOO\ cOtr-6 o6e ocoF
.f\th h\tn -+\th \t\th tOtJln .f\f.i .J$\f n\tn nsn

li1CO ! r.!\f ' \oo\ ' \ooil hto, @co, ir).,t, t-co,
9S: ildi dd: $t!.,: o.c;: ddi ;j: ;;: .s.+lN(V NM

l.O.$ oO.$ cOO.f Iv)eN cOF6 .O6\O ht.-o n\O\O o-\O
3;$ SRR il3€ N*N S3E NRP Rf,f SRN 5SN

q9.O oF-\O (on\O cOFrvt r\OF hf-$ cONo \Oc)\1. No\1"\Kn KKE Ks; R-h 99K KK* NKK dJa.K.$N.

{r'hrINilNrr\O''
.ll

N' 
' l4r r

\ohryr4'€rn$.oeEd33Sffs;9\o\or:Fdod;dod
tl4&e,ee&Eed

stl
(\|rl

L

a

v

\z

=UFzoo
F
U

o
(n

J

z
u
F

=
F
J
f

o
(n

J

z

U

E
x
E

cO'0JaJscO rr ots> o< c
LL.
O) C.OL
E .- lU+ C)L0.r-o
6 OL(JE
- L+ :t
r -oc .

o eao>-c . I O! L
lt6eP c O C! o

O.F O G C Lco c co
'- L O CJ P-O
E.- .- L O O
L> r)9- ?i=-$O O,-@a!o oo<orEl
LP C .C C,
J a O:O.- Ipo L3P
6a ..- O
I ocJ o
Ol r OPJ.-gE 6o€.o-o E c o! C(o>.oLEC (o .- O :lo o >0, P c
'FO !{JGO .- L c-Of >. Je O €e'Cl 3 r
' C, -oOOc C o LJ
oc !fo o c! otlY .-OCO

r L,F'-!x9 09.liq
t;j or - ii Ec > \!
t--

oL tDo 6'-C$ :Oo.-s
L{,(JOrO (gOLO

:' a, t 9:-i -o .+i E:'laE ocroeor O O>oCL
CJ O L'F (, C)
o f oG!e
La Y (J '- C,s o. O O! EO LLCU GrO q,, t O= L

,! s H-3.s IJO P i OC)
f C e r.Fo
6F CoE C,

+ f .F,F L (D !
oP o+J-O
,2'5 ,i f 5F
L-Ji EOP SO- O >\.- Cre (! OA'!L 3 O-ctrO . .E!
Ps o o >,o oc oo66-oo xLL lP L 0r! c, oC O -Ov c .-
3€ .5o- i 3J C,+ OP c EDp Or!fi EL OEOC.J .-Oe 63 o J O-C O LC J(JOfro 0 L E:+l,'e 3 ! o OOJ @ o L >oO- | Lo
>E o o (rc oJO Ct QrOOoo Lo6<L
c eo Ptrc! o r oC .>C L C)o O oJ O 0, (u
P !(U.FPgi 5FrE.P.FO P CrLP
PE CO66J C OE O
f.F TJPOAP

,Pc
E >. I rO 6 6ce oL>0roo,F O O- Er-o o a9E -553,=g€ &'-:J.FC OOGvO
X'F XJ O ooL (ro_crLoLo) E arcc o G >,o_
' O('-AEoI O OO)
' >t o!:! -OO 6ooocEc o >orO J'- Oc, LOOS

= -OCJoll Jr (u+=
o<

c
o,o
x

a)

L

=

L

c
@
o)o
L

q

!cC'Ox-o
roo

o
.Fo
PP(us
Joo=

a)
L

o
o-

J(J
o_-o

q=



VIRGINIA DIVISION OF MINERAL RESOIJRCES

9ryoaN^t@o.qrtd6ii::-{..+B
9qi,SB8::aPdE
==sESiis*

-f\+gq^tF.rlcoo.(\t6it^r@o\
l

N

(9
hooh \O .$.$ r{.1 h rrt

|4ghoo-T$.r+.+l'.'hnn

cthoo \rf 1.-ttt h nl
!^ghono!>o.ro6-6rl(v.fh.+fr

EhOtathfnhcfoo$oooNo+tvtNro+6i\tNhN

q&S frq$ ssR sss s$r nf,s $Bs B;x ss$
o

qqq €€8 eeR NNfi Fnb 338 B;; 838 ==Sc)

Nlmlq ooo Ert4 l- .f hh ht{|t4 NmN tqfr]vl mremoc)o ooo oc)o ocib ritniil 6bo ooo ooo ooo
o

\ohry!o€ar!-+@
!a€.i!iU66doeAo.€6gn6np€\ot{Fdcodd@
eEuud,dEe4

hoooooooo
*66cici;;;;

78

L
o,
-o4EOJJ2

o>!
OC,Lfl
tDc
E.-LY
oC
-O o
olc.oo
eco.FccD

L>
o
PP
o6
3q,Ior
LP
fJsO$(n
L
OILgT
rD -o
P

cooo
o:J>+!
tCtccoco0,v
XOrucE9

C+
4o
rO)
(,J

30-oEraa6o
+(!

oro
L

=a9Jdo

9f
O9
g5
L{.
Oes

Lro
ruo
PLcc,o_ooE
!c
ooo,3(J

C
iO

o,p
O!q,o->EJo
o(Jc(u!

co6P
or
EX

'F Cle!rc

!>,Cy

o'F
P!
OGEE,Fc
OLL Ct)

o

a,

!o
F

ooCL(!O.Fo
JFo-=Ezo(J

P(,t .F

o'- xL-O lUIDOE
o! c
L C'F(o.F

(D

!
5
r

Ue

e cttUC
o-ECuq)

(J
zo o
Ov a
@
lr
-cu>o

OP.FO
u=
co

rua

o

o
cttELfor

J

o
o

Oe
AL
=&o-
r

CD,C
O.- XC,J (U
L-!rOC

3'po

oP

fo

lJo
Lth-oo
rOLJ

O'LJ(u
o--o
(!J
o2



79PUBLICATION 122

F^IN-mqo\6i).
rr !^ rn 6.NNt\tvt
N N (\t (\J====

NN€
h
(\
3

cO14€O oFMt
\Onh @\O\O

o\€e ()o\N Foh NFtO
-f.+h h\+h nhh nhh

$F€ f;Fg f;Ffi EFH SgS
.+\+n \t\$n \S\th lrtMlh \*\th

gF::RF E$8 ESF ERFddd ddd ddd F:'.-'d dd-'

qlco6 Nt\co NNN co€o\ 0\oo
C)

9\F- h\ot\ -f\$n hhN NNco

.:99 €co€ .+coct cr.+F Ne\o
$Sg SSE SE3 FRE E$S

9x]'o FQe Nt4\o \oNh \r6n
bsN $RN €sS ha$ d;$

Flry.t F.+6 .f6-r I\rqh r/lFt^
KEh NNS nng fisR niln

.+! | 1.lr I lsr r COr r tO,,.di: -'t: Jii J:l 
^; ::

6ryr.tco
=shhl.t?FFF$eee&d

O. \t \O

h\f\t
OF(! n*$\O
\Olf}r.t \ft4rt

moN
hnn

OF I

\+$ 
'

L
ru

-o€(o3
J2

c
0,
tt)

x

o

zvuoo
Fzo(J

(J
F\z
UEO

L)\z

g
fs
f
v,

o
(n

1O
20

I
UJF=

=
F
J

=c o
_o
L
o
L)

so

U'
6
J

= !c
x-o

u rotsc,

=
><oo
E JL
o- .FO

P9oero
o=

co
oto
g
E
-

!)L
fPtt
o
=

OL
as
65an=

o>!o 4.,
L:Io)c

!.F
LPoc
-Oo
Olc.O(!
PC
o.FccD

L:>
tU9P
a.h
!c, I
c, -c
LP
ffPOago
L
Clro.!tEO
c, -o
P

C.E
'Foo:t>F!rO
{rc
OCJ

\z
xoQ,cE9

OLCts
rut
ra)
oJlo_.AE
rO
og)(,
LJ+(u

orO
L
JotelJo
fc4.E
etOP
oA
L\t
Oe

q
io

!s
coo
PLcoo!oEJeC
Go0,

=(J cro
oJ0)o->EJooo
6!

trruo
P6rEX
.F q,r!
=c
!>c.P
G.F

Ol .F
P-O
O(D
E!.Fc
OLLO)
4

ll

c,

oo
F



VIRGIMA DIVISION OF MINERAL RESOTIRCES

Fr.-nNi4F-60.O.O.@l'1 nnO.lar I\- N F- i4
NNNNN
33=:l=

nn600F-Nh\thRltO\f\trvl

(36n6n
hF-\tNN(v N r.) aft N

hooho
O.cO\l$6 NN

ooono
cO O. cO lt- @

COOt\o n\OO\ o--l \f6o oNnh\o\o hnh \o\o.o nh\o NNN
o

\O.OF- 
'Oh4tn 

NNN O\O\O \O\O\O

o. N tr'! cosnhtonnn6cococo6co@
eEued,

\ONN \O\ON Nt\-F- ooN @@O\O()O NNN
o

L(]

-oe6f,
JZ

>!oc)

!.-
LP
GC

I

c.

PC

L>
0)

oo
3

L9
POGA
L

o_o

oo
of>\+rt
'C,
GOv
xs)

'OP

o

Ja)
or30
'OQ6
0)
LJ+o

o
ro

L

+f
Jo

A'-

O!
a-a
L$
oe

coo
PL

o-oOE

Goc)
cio

oJoo->E
c

EX,Fo

:o>

o;P-o

,-C

C)

o

oo
GC'.-9
o-5Ezo

o.-
O.- X
o 6:o

o

E

=L

Ue)
F
eu)ucc
=cUO
F^ P

oszo o
Ov a
a:)

qo
ov,F (o

co
c)

ct)
4Lfo
J
:f,
a

o
Og
OL
E&o-
r

(,'- XOJ C)L-T
3'-a

(,

@

!o

'OL)

C'LJ0)

6faz



81PUBLICATION 122

:9ry9aN NcOO\\Or.- F-NNr.o
Qr)q.oN F$\tNF- 6O.O.o.\OO\N-r \t\f\tcOcO }")hn6.
$l!1\A-- 66n6n Nf.-Nmo\O\Gre
=!-5NN 

NNNNN NNNN
===== =3=== ====

tiN 6@O.NcOtO cOh\ON6
e\o l4wlelvt

NA-F r mr\rQ-f-t \Oorroh .Ooijc:
OO(]ON ltl6{\*\l. e\tON
o

er(\l\Cto eNNteo C)-tOo

--eNle rFNrr

n \On l.t
cO\O\O14o NN\O\Oo \O$O\t\-

FN eN

\ooo\t\lN 6\On-o o-€\O
6NhNh ttN \fNNm

h-@cON\OeNFN

coN@CONcOCO fVFt'l14F cONNo
FENJ 

-FeN

nIO\\fNnnml.) NF-tq\Oh \'-\O\ti.)
rs t4NrNh rNNF-

,66 .
Nh

\tecO\t(\I ].l\OO-FIONmN .$Nrl\t

$l>f:forh \O\o-€O-r' $n-oNNmrfV NNlftNN NnJNN

rrl 9\OQN NohN\O O.6Nt.-hmhNh \t$6\t14 \t$\ttO

NO\ehN 0OoO\()\t NOcOO
NNI\:tC! Rlt4$h$ \O6onN rNrl

SErq€ 383Pe $nfr;€3$Rp $ss$s sssE
tttttt

&d,e.ee, ed,d,v,e, dd,d,d,

L
!.)

-oEGf
J=

lf!
a

N
tU2

E

n
N

c!o

tloN
c,r

N
Y

oo(J

tl
f!

N

(/,

so

oo3EP(l)
OPa a

OL

E

o
C)

$E

c)
:z
o:o

LCI
+y

OJ

oco

o]oo
aaf,

Ep
PL

q,so co+ On

c c0)o Pl)

o !>!L
o ooL Avo oo
-o JLoo a-o
(', (g-

P E6
C J(t

=
O .g)

OoP
P NO
G h.-
L
PPLc Goo.oo !E
O cCoo
oo

! rJ
oxoo(J.

LOIo .ltc PeclE oc
:o{u LcC'- O O6C o-.-ur (t) CO
LL .FO
O,F
O C.-
E Oe
I .-C
I P0,. o-o
0 L'r

ce,O:E0, ooc>
-ooo(J

OL
J(,g4
of,U'Z



\ONOcON NaOO\\OF- f'-Nf\-tO
o14O.\Ot\- e$\fNN O\O.O.O..OO.Cvee \t\t\fcO@ 14!nnO.NIO\Oee nnnnn F-F-t'-t4
O\O\O\eee-eNN f\TNNNN f!NNm
3=3=3 3=3=3 ==3:3

oo 6
cO \'- tf) €O

o. r\o r4\o r4.o N
O\tO\rlfl \t\fN\Oh cO.ONn
N rrrlm

cO\O nF- .OrOcOo- n\t\On
F-\t\tncO NNlOtO14 t4\tl.ll.l

OoorC!.O cO N

oo oo o o
Nr\OF*i.! .O\Or.-CON O,oo..F*mPN{\t N

COcV-g\F-nn\O@
eeneN

ooc)()c)NNrnta

6CO6

orA o+Noosm i4O,cO@r"

eN6f4
N\t\tN
oooo

€OenOl: t-N\ON0O F\t\OO\
Nt4$Ne (!eeer N-ee

o.6
F- \O t4 f'* r

M

OMTOOO -N\t\tN \t(f NA
mnJoloe NeN+\f rO14O.CO

eeN

.''t4\ONn
r! N(!+

JJ
o\tO\6N nO\ r\O
€OO\Nit) et4NNe
OOOOO OOrOO

o

o\0 n
-t14$F-

C!rlcO-rf6nM)
nnnco

dEuu

F- AF1\tcOF
N-Or14O erNlflGJ
N eNM)

\OnrNn @i4{'cOO.6cO$\O\O @c)Orr
cOcOO.cOcO .fhnnh
.o\o\oF-r\- @@€ococo
ddd&,&, E,duuu

L
0)

_oE
JZ

a6-

Ld_

od-

-a

Ld_
60-

oa
60-

o^
GIL

oI-

?a

Ja)

az

VIRGINIA DIVISION OF MINERAL RESOURCES

l'.-NNe
lf) rq co i.)

$\OenM) O\1..-Oom\tNn\O \O$f\\O

e@nh
NONr

\ONocON N€OO\\ON- l.*NN14
QroO.\OF- -\t-tr.-F- O.O.O.O.rO6N-e \'-t-$cO@ ltlhhGNi4\OFe hnnnh NF-F-mo\O\6--FeTNN N(\,NNN NNNN
=3=== ==3== 3===

\oo\N co N o\
tOe\Ot\-{ N\Oa\o14 \Ohc)-

\O e\f ?.1

l.-o\t\t6 N$$6.f cONco14Ne14\t$ NRlr\-NN \ONN-

o

O\ O\-\f$NhTNCOO eNTOM)NrOrlON O()oOC)
o

eO\omr.)N\Oto
N

co 60.t4 m.N\tF*O\ \tmNmt.-O.oN\ts o<)oro
o

N\ONN i4NoO\N oo+nrot4tth ooro(3 NeNeeooO() O(3oOO ooOO

N oo.O\oo co\Ooo$r4NM)6 NeO{tO .Of4CO\O
NONFt4 OOOOC) OOOO

14 IOO\N $Nl.-\f \fN
O.O.\O\ON \O6$O.t\ .Ooxox.OeOOOO ()OOOe OOeN
o

F- O\eo\nh con t46MlN6lvl l.l-lF*t\*h N\oN6
N NA'\t

O. hn col'l \O
n$$o€O 6nt4O.N \tO$cO
n $cON erN

\OnrNn cOrJ)\t'€OO\ fU|.)cOeh@\f\O\O cOOO-- \fnnr)€OcOO\cOCO \tnnnn nnncO\O.O\OF-N aOcO€O@cO €OcO€O@
eeeu,d, &u&de. ueEe

82

!.)

!E
J=

oi1
<< o_

;,d<o_

o

o

P
o !3 ()
oJ
3 !OO-

c c! EP oco
) q 9@UgE
a Jc, .o-;.e. CJh
ELr4O CJL_o Poo+u J
GtFo .'Ea a6

E .\>O
n, -o-
c o ole
.O = On

LO6
O O.- f
E PEJ
! o o-o_
E 16
o P q)o
L OO+ cLcIo)
O .OJ
o coocO-!o .io
c ] c.oo oo€.-!r

A Aa 'O OJL
O 0'- O 0,\ a E - 6rOoe
oo=f > -L co !o)c oo3>EPOL
E P(/)CO
P cO Oo o >L

P I O-O\tLo o 0r9.-o9 0+ of ao -O-CsE ooc o o.-=o CoP
€ 60P O O)'- ,-
Ec>O '-0L

E OT EO .LLf
O CJ!P . .-P C.oCo -GOOO.F JJPJ

et^.-6r^

JA I o O .
0 L'-t L

OPP(Uqq o-g €
oo aooS
L I PP'-C!o uao

O O >-C
!O O- JO
CE \G,-
o 

= 
L-O c: Po oo

iO O O
' P C O.-
L C C O.-$
O O ().- c,-
c o! o-!.F! L 6 O C
EO OCLC)

P O-.- o!
rL E O.-

LO- ,-OPd
O q, P O=
'-L OOOOo c! o->
=oo| ,-O A
| ! O C.-. G! O

POOO
C'- o -O

o ocE:,C'- O C30GO

I
q,

,Fo
FL

a)

C(,
oo
LL

o

C)YO
L
o

c)ooz!
c)

oo)o
=L0)

c
0)

6(J

o)

oJo
<L o

o,

a,
c)

OLJ!)

a=



83

HftEqN qs$pr hshE
NFS:= E$EEE EES$;==ss E$gEs iiEi

R'R'H:H =3=H

-{--- qqnqe ieqt
Ets:N e^'rrrl.r14 \tno\fo

rynn N.oo..i- .+o\oF
crinixoo. '-.dt+.+ d"jt+J

,t qqq\q:i:":
P,4:SN \tro\o\f\r +\oo\6

ry9 co\tmnN 5n o
\$Ncol{l{ FN€hr.l Nh\ort)(!N

q&ry. - $3-;S il8"-S
"i 

'ddo '- 'J -

na!N
nq9rom no\N€o(v FrQ6-

FFeefV FreM)

|\-nlho\
p"ij<ix

$3$ff fiF$$$ $$$F

5
@NO\N\OS r4N\O

J$€sbb $b$s

tlOh\O

33p58 bg83

N
oCOr\J-ON to+o

N

sotqNN
NF{lF{F

$ocO\O6eFr!oN

PUBLICATION I22

L
o

JZ

-oddo-

U'^

-oao- o_

o- d-

.-azo_

zO-

-oI
=O-

oA
=o-

clL
=o-

JO-

ro)
o--o

oz

xrg:i rExFE Fr$$E==Eg iEES! iisi

.. O\t n\t \t@hh

;6SnR "i,is<j-r Ntt<jv;

oo c)o oo c)
n'iri 

^rri-t ri ri o.t

oh 
=,^qq€ED :eN55 ESer

ci

NqgJn.o.oS.vSo ho€-
- .+ i 'J d 'r; '^i 'J -._.

Iq:;5 EtiqE 4::q

"l\: .8r*lo mm^io
=-*i*i- -'--- "i^i.r"j

rh$N\t
FNC!

qqqqq qqqq

93933 3R3P
NFMt

14Qhcoco hoF-r\: ^i u': : : : r'! ."?:

Nh
€No-N
O F|f}e

o$oooq\(!Nhb
RIFN

I\ONFh
14N$NN

q oN h\r ,:gqq
ft6>NF r..-.ri s<i o o.oo.rr

$$rr: $5$t$ $$$r

L
o

J=

JO-

oO-

or d-EO_

+d-

ar E-

(n^
tF1'A

oE-('o-

ed-

uo-

rlL(J O_

OLJA)
*#
G:'oz.

lr'
I'E
ICD

t;IC'l3
IE
lo
la
I

IElc)

rX
t-l>.

ld
lrz
I oE

o
L

o

o

G
oo
oJo

.E

5

\t
+
o
c
-o
Fc
OP
EOoo
Ol

co
c, '-
0(0J9
C)

oo
oo
Ll
P (.)

oo
o3
rG

::T
I



VIRGINIA DIVISION OF MINERAL RESOURCES

er\NNO\ 6\o@r
eF$eF FNNT

O\O.NoOONe

0o6coeo NNo.no. h()c)o
O\NLcOo \l.N\ONN lo.OenNr

JJ JJ JJ J
\tnO\cON O\lONcOoomoo NNcoo

\ONc'@N NCOO\\Ot\ l'-NF-rt)
o|4o.\or\ e$\tNt- o.o.o.o.\OorN-- \f\?$cOcO 1.4!/r!^O.Nlt4\Orr hhhhh NNNt)
O66--rrrNN Na\INNN NNN(\I
33=3= f 3333 3333

J JJJJJ JJ J
JO.JJ t4\t'lqtlo NOJtt)
NNNeI-. rFNNN \OneN
N rrN

\oNo@N Ncoo..OF FN\'L')di{ao.6N e-f rfNN: o.o.o.Qr6irtu;- \t$\tcO€O t4n6O.(inr.O-- nnnnn t\-NNl.l
999TF ITTTil fTilil
===== =33=3 ===3

N alNconn O,(] O
oC\l\t\OcO \t-f COf'-N N\C|$cO
N -n.f

t) 6O\o\eN (fl'-O()

66!eel'.- {eNNN \trinl.}
-t (!e-

33--- Sff-SS
o eNr

COnrn NO\tCOn NNON
nf\jt\-N\t NNnNY! e-*\O'+

\t lt)6t4i4NF
o

co N6 h6 CO 6
o.14N-t-q \o\tno\F- .o-NN.
N NTO\O

\o
h\ONO.-+

eNS

o6-Nln cO14\tcOO' NtO@-
6c(i-t'OaO @oorF \tnnrC€ggps sssss sssS
ddued, edeee edde

ohoo\t a._ o. -f

hoooo ooooi.-n\OsN n$|4N

JJ
+rOnn 6cOnN-
mNco\o\o nn\oN

L
o

)z

Ld-
No-

c6-No-

-o 11
>- o_

aE
rg
>- o-

3ao

?7>o-

-d

JA

6faz

oooo.{'NNf"_N \OOr.-No|, eNrOo.
m r4cO\O rNF eFN

h\t$F-O\
c!Nt40\o\

n oo oo
S6l.-O$ $NehF-
NOrO\\t OONC)O

\t"lF-6-J-
m rN

oo oo o 6\Ol.tmnn 6\ON-Nl.- COO\f\O
eeNlO14

rrmn\O O. l.-Onn -{-rr.}
ts1rr\tN -{-r F-Nr

Frai4M)O O\rrnlO 6l.lcOt")
SF$\O@ rtflee eGINF

n oooo oooJl\6\ONc) nn6@N tlO\l.tO
OeFmN

\OneNh COtO\fcOO\ C!t4@r
ncO{\O\O cOOOee tfhntO
COCOO.@CO \t6666 n66CO\O\o.ONf.- cOcOcOcOcO @cO@cO
Eeede d&eee EedE

L
q)

J=

ra
FO

-AFo-

5)+

6aFo-

;?5
ao-

a2
;-6
ao-

,tt

oaad

oo-oa

@o-

J C.)

u)z

84

L

U)o3

oa

q)

a

o

OJ

C)

oL
$
o
CJ

oa

o

o

f,

\'
+
o

'- q)

Ovo_c
oo
0.

q,G
J!
qi

o6oooo
Ll!o

-;cso3

ooc

iL
rO
oo
o
=

0)

G
F



PUBLICATION 122 85

Table lle.--Arithmetic mean, observed range and seometric mean of proximate andultimate analyses, heat content, forms"of sulFur, *nd aifr-iuiioir i.*p.rituiesfor 14 bitumiirous coal samples from the Kennedy "oir U*a. so.tirtr"ii-tiisi;i;For comparison the arithmetic and seometric me'ans of channel and drill Eoie
samples of bituminous coal from th5 Appalachian basin are included.

IA11 values-are in percent except Bcu/lb, Kcal/kg, ash-fusion temperatures,and
,t,I:?-,:y.ilrng rndex and are reportgd on^an asrreceived basis. - oF : 9/5 "C + 32;KcaL/kg: 0.556 Btu/lb; (n) is-number of samples per parameter.l

Kennedy coal bed Appalachian basin

Arith.
mean

Observed ranse

Min. Max.
Georn
mean

Arith
mean

Geom
mean

\ rr,,, (n)

Proximate and ultimate analyses

Moisture
Volatile

III4 L LE L

Fixed
carbon

Ash
Hydrogen
C"arbofi
NitrogenUXVgEN
Sultur

2.A7

25 .6I
L.L9

19.10

3.4r
33.28

72.60
29.55

c, ,) /,

86.13
1.70
8.00
L.45

r.96

25.35

62.24
6.92
4.BL

77 .OB
I .45
5.60

.18

? ??

32.45

s2.48
tt. dJ
5.02

70 .69
1.39
8.92
2.L5

2 .69

3L.12

(4 ,t 60)

(4 ,7 60)

( 14)

( 14)

5I.7 6 (4 ,7 6A)9.83 (4,76A)
5.00 (4,760)

7O .L] (4,760)
I.31 (4,757)
8.22 (4,756)
1.63 (4,974)

(14) 62.72 48(14) 9.60 2(14) 4.83 3(14) 71.57 sB
( 14) L.46 1(14) s.72 3(14) .80

.84

.75

.91

.28

.09

.72

.60

Heat content

KCaL/ke
Btullb-

( 14)
( 14)

5,784
10,403

7,646
L3,751

8,427 7 ,60215,156 13,673
7 ,030

L2 ,644
6,979 (4,759)

L2,553 (4,759)

Forms of sulfur

(4,245)
(4,392)
(4, 393 )

0 .04
.65

0 .08
L.36

.82

0 .04
.16
.53

0.24
./5
.70

0 .01
.05
)9

0.0s
.2L

(13)
(14)
( 14)

Sulfate
Drrvi +-i ^r 7 ! 4 ure

Organic

Ash-fusion temperature ('C)

L,444
L,499
1,513

255

383

,063)
,7 22)
,449)

L,255 L,246 (4
L.281 1.280 (3
I',334 ]_',329 (:

r,
I,
1,

L,I49
L,227
L,2t1

257
339
38s

(13) 1,(13) 1,(r1) 1,

Initial
deformation

Softenins,
Fluid

Free - swelling
index " (L4) 8.2L 7 .50 9 .00 8.20 5.53 4 .68 (4,603)

Air - dried
Ioss (13) L.L2 0.41 2.38 0.98 r.83 1.13 (3,868)
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Table 11f.--Arithmetic mean. observed range. and geometric mean of ash
content and concentrations of 11 maiorY 6nd miior-oxides in the
laboratorv ash of L4 bituminous coal samples from the Kennedy coal
bed, Southwest Virginia. For comparison^ the arithmetic and -

eeometric means of"channel and aritt- core samples of bituminous coal
from the Appalachian basin are included. (n)'indicates the number
of samples Der oxide.

[A11 samples were ashed ax 525"C; all data are in percent.]

Kennedy coal bed Appalachian basin

Ari-th./-\
\ rr,,, rIs4rr

Observed range

l,Iin. Max.
Geom,
lltc dl I

Arich.
mean

Geom.
mean

(Ash) (14)

sio2 (14)

A1203 (14)

CaO (14)

MgO (14)

Na2O (14)

K2o (14)

Fe2o3 (14)

Mno (14)

rioz (14)

P2oS (11)

SO: (12)

10

47

z4

2.6

r.4
.29

3.0

l3
n')

1.3

.35

L.O

)9

36

L>

.34

.II

.56

.009

1.0

.040

.s8

32 1.3

70 46

31 24

7.3 1.8

2.2 1.3

.65 .26

5.4 2.6

22 12

.09 .03

2.6 r.2
L.2 .22

6.9 2.0

13

/,2

2.2

.85

/")'

2.0

L9

n?

T,2

.50
tq

10 (5,262)

4L (5,229)

ig (5,229)

1.5 (5,227)

.75 (5,258)

.34 (5,194)

L.1 (5 ,229)

13 (5,2L5)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

L.9 (5,063)
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Table^ llg.--Arithmetic mean, observed range, and geometric mean of concentrationsot 54 trace efements in 11+ bituminous doal samiles from the Kennedv coal bed.Southwest Virginia. For comparison the arithmbtic and seometric m'eans ofchannel and diill core samplbs of biturninous coal fiom Ene-Appalaiiian 6isinare included. Dashed valubs (---) reDresent less than five ibmoles: (n)
indicates the number of_ samples-p6r element. IA11 data are in pbrtslperlmillion
and are reported on a wholelcoal-basis.]

Kennedy coal bed Appalachian basin

1n)
Arith.
mean

Observed ranse

Min. Max.
Geom.
mean

Arith.
mean

Geom.
mean /n)

Ag
As
B
Ba
Re
DI
Br
UU

C1

Cr

Cu
Dy
LT
Eu

.A

Ug
Hf
Hs

T^

Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr
Ld

Tb
Th
T1
Tm
TI

w

YN

Zn
Zr

rl a)
(14)
( 14)
( 14)
( 

111
(11r
(12
(14
(11
(14
(r4
(1/!
(1L

( i;i
(14)
( 14)
(3)

(13)
( 14)
(13)

0.07 0.0535 1330 2090 63
l.) z.v
1.5 1.1

22 13

0.010
I.6
1.3

L]

0.03
17
10
70
1.8

q1n

22
.04

18
150

5.1
L2
1.3

t1_ 
-

.). /,

130,,n

i-.t
.66
.17

.69

";--L4
.004

6.0
210

2.6
4.2

.10qtr
J.J

:__
.13'ln
.96
,4L

.10

. 010

0.07
64
30

210
5.5

,;"1+.f

.L2
46

1,300
L4

4.5

-/J
340

11
5.4
7.4
3.0

.50

0.03
11
5.7q,

L.4

^i 
- -

LL
.03

L4
oIv

4.4
9.5

.69
L?-_

.28
74
2.9
;';

.41

.11

't n
2T

180
t.+

1B
1.3

1a

1.5
. /+4

99
6.6
2.6
4.7

.79

.22

.76
tt
22

.16
31
3.7
2.6

l3
L7
8"8

.17
6.L

2B
1.4
4.4
3.6
2.0
1.6

110
.24

2./,

3.0
3.4
r.7
1.8

,) /,

,07

.85
15
2.6
L2

7L
5.4
r.9
2.5

.62

.15

8.9
14

.T4
15
2.3
1.9
9.9

L4
6.2

.14
3.6

22
.91

3.6
2.8
L.6

.86
79

.L9

.29
2.3
2.L

1.3
I9

.80
7.2

.92

(4,565
(5,L97
(5 ,07 6
(5,134
(5,247

( 108
(4,8e2
(4 ,e7 B
(5,075
/ 1. A/,4
(5,211
(5,205
(4, 831
(5,239

/?qo
(1,200
(5,032
(4, 860
(5,046
(L,773
(4, 608
(4,932
(5,031

(37 I
(5,I/+7
(5,243
(4, 885
(5,260
(4,889
(s,00s
(4,23L
(5,240
(5,L72

(18
(960

(2)zzz
(5,003
(s,218
(5,052
(5,005
(2,352
(5,L46
(4,369
(4,852
(s,098

(382
(+o

(4,990
(5,24L
(4,42L
(5,234
t 1 | \t

(s,243
(s,238

'

(L4
(14
(14
(L4
(L4
(14
(13
(14
(11

ta
(B

(13
( t4
(L4
(t+

(6
(14
(11,
(r4
(14

(1

(11
(1lL
(14
(L4
(r4
(14
(14

9.4
13

,L2

^;--zt
!.!to
2.0
I.t
1t,
I.J

78
.20
. J5

z-.+

::-
'l -7

.65
5.2

.6L
>,2

15

3.0
3.5

.040
+.2

.37

.29
1.8
3.5

.78
;--J./
b.u

.30

.98
an

.50

.32
25

.040

.rt

.60
t. /-.ia
?n

.30
I.2

.30
1.9
2.2

.35
7L
3.0
6.1

22
22
I9

66
3.2
8.0

3.5,/,
2L0

7.2
9.6

.10
16
L.2

.99
6.2

J.Y

:::
I9

.85
2.3
1.8
L.2
1.0

65
.13
.25

1-7

:::
1.0

T2
.58

4.2
.67

5.2
9.1

26
34

olZL
1.4
1.6
8.8
8.3
5.9

.90

.99
8.7
2.7

4.4
64
1.3

L4
2.2

49
56

.94
8.5
1.1

22
z4

L4
1a
LI
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BIG FORK COAL BED

This coal bed occurs in Buchanan, Russell and Tazewell Counties, and the 44,785 tons produced in 1989 came from Russell

County (Virginia Division of Mines, 1990). The Big Fork coal bed was 2.4 feet thick at the surface mine in Russell County where

one sample was collected @gure 18 and Table 12a). This coal contains a total of 0.1 feet of bony material and displays a poorly-

developed medium cleat. The roof rock is shale.

For the one sample collected from ttre Big Fork coal bed, Bi, Cl, Dy, Er, Gd, Ge, Ho, Pd, Pr, Sn, Tl, and Tm are found to be

below the detection limis in addition to the eight elements found to be below detection limits for all375 Virginia coal samples

(Tables !2b,lk,and 12d). The geomeric means were not determined and will not be discussed.

Figure 18. Location for sample from the Big Fork coal bed.
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92 VIRGINIA DIVISION OF MINERAL RESOURCES

LOWER BANNER COAL BED

The Ilwer Banner coal bed, also lnown locally as the Gilbert" Upper Banner, Banner, Puncheon Camp No. 2, or the Cary

coal bed, crops out in Buchanan, Dickenson, Russell, and Wise Counties. Dickenson County leads production of this coal with
1.2 million tonsproducedin 1989 (VirginiaDivision of Mines, 1990). Sampled ttrickness ranges from2.ln4.7 feet@gure 19).

The Lower Banner coal bed is typically associated with a shale roof that gades into the top of the coal. There is usually a 0.5-

foot thick shale parting. The coal below the parting is interbedded wittr shale partings which may be rashy coal and slickensided.

In mines on Roaring Fork north of Trammel in Dickenson County, the coal has been severely deformed by folding and faulting.

The Lower Banner typically has a poorly- to moderately-developed medium cleat and displays a moderate amount of thin banding.

Pyrite is commonly present along bedding, especially where there are many thin partings.

Figure 20 is the sample disribution map and Table 13a contains the descriptive and location data for the Lower Banner coal

bed. In addition to the eight elements below detection limits for all 375 Virginia coal samples, Bi, Ho, Pd, Pr, and Tm are also

found to be below the detection limits for the 12 Lower Bannercoal samples (Tables 13b, 13c, and 13d for the analytical results).

The geometric means (Tables 13e, 13f, and 13g) for the Lower Banner coal samples are found o be substantially higher than those

of the Appalachian basin samples for the following: Pps, MnO, Cs, Mn, and Sr. The geometric means for Ge, sulfate, and pyritic

sulfirr are found to be substantially lower. Dy and Er have less than five unqualified values and therefore consideration of geomeEic

means wils not possible.

!999 + esse

0246810 KtLOMffiS
@
0 2 4 6 $Am$US

Figure 19. Lower Bannercoal bed, Dickenson County. Upper
2.5 fent is interbedded coal and shale, lower 3.2 feet is coal
(sample R-7595).

Figure 20. Locations for samples from the Lower Banner

coal bed.
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LOWER BANNER COAL BED

The Lower Banner coal bed, also lnown locally as the Gilbert" Upper Banner, Banner, Puncheon Camp No. 2, or the Cary

coal bed, crops out in Buchanan, Dickenson, Russell, and Wise Counties. Dickenson County leads production of this coal with
1.2 million tons produced in 1989 (Virginia Division of Mines, 190). Sampled thickness ranges fromZ.l n 4.7 feet (Figure 19).

The Lower Banner coal bed is typically associated with a shale roof that gpdes into the top of the coal. There is usually a 0.5-
foot thick shale parting. The coal below the parting is interbedded with shale partings which may be rashy coal and slickensided.

In mines on Roaring Fork north of Trammel in Dickenson County, the coal has been severely deformed by folding and faulting.
The Lower Banner typically has a poorly- to moderately-developed medium cleat and displays a moderate amount of thin banding.

Pyrite is commonly present along bedding, especially where there are many ttrin partings.
Figure 20 is the sample disribution map and Table l3a contains the descriptive and location data for the Lower Banner coal

bed. In addition to the eight elements below detection limis for all 375 Virginia coal samples, Bi, Ho, Pd, Pr, and Tm are also

found to be below the detection limis for the 12 lower Banner coal samples (Tables 13b, 13c, and 13d for the analytical results).

The geometric means (Tables 13e, 131 and l39) for the Lower Banner coal samples are found to be substantially higher than those

of the Appalachian basin samples for the following: Pp5, MnO, Cs, Mn, and Sr. The geometric means for Ge, sulfate, and pyritic
sulfurarefoundtobe substantially lower. Dy andErhaveless than five unqualifiedvalues andthereforeconsiderationof geometric

means w:ls not possible.

Figure 19. LowerBannercoalbed, Dickenson County. Upper
2.5 feetis interbedded coal and shale, lower 3.2 feet is coal
(sample R-7595).

Figure 20. Locations for samples from the Lower Banner
coal bed.
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Table 13e.--Arithmetic-mean, observed range ancl geometric mean of proximate andu'Ltlmatre analyses, heet content, forms-of sulIur, and ash-fusioir temperaturesror Ll brtuminous coal samples from the Lower Banner coal bed. SouthivestVirginia' For comparison the aritimeiic-i.ta-eeo*.rii" 
"reatri-6r""nriiiiJi"anaorllr core samples of bituminous coal from th6 Appalachian basin are included.

IAIl values_gre in percent except Btu/lb, KcaL/kz, ash-fusion temperatures.and
f::?;iy"llinp inilex and are |epoit'"4-6"-;;^'";?i";;;"ia-6i"i""*';F*:*Afi'tE"+ n;KcaL/kg: 0.556 Bxu/Lb; (n) is'number of samples per parameier. l- 

-t -

Lower Banner coal bed Appalachian basin

Arith
rlcdll

Observed range

Min. Max
Geom.
mean

Arith Geom.
mean

Proximate and ultimate analyses

Moisture
Volatile

matCer
Fixed

carbon
Ash
Hydrogen
C-arboil
Nitrosen
uxygen
SuIIur

2.96

28.36

1. 30

19.10

28.50
4 .68
3.00

39 .20
.80

5.50
.60

7.00

44.50

66.10
50.30
s.90

8l-.94
L .67

10. 00
l.ou

2 .6r
27.75

5s.L7
9.75
4. B8

72.s3
1.36
6 .57

.91

3.23

32.46

2 .69

3L.72

(4 ,7 60)

(4 ,7 60)

(L2)

(L2)

52.48 5I.76 (4.760\11.83 e.83 (4,760t
5 .02 s.00 (4.760\

70.69 70.I1 (+'.100\
1.39 L.37 (+'.tsl:
8.92 8.22 (+',1s0)
2.I5 1.63 (4,974)

(r2) s6.30(L2) 12.38(I2) 4.e3(L2) 73.65(12) 1.38(t2) 6.67(r2) .e4

Heat content

6,979 (4,759)
L2 ,553 (4 ,7 59)

3,863
6,948

8,093
14- 555

7 ,L7T
12,B9B

7 ,030
L2,644

,283
nao

KCaL/ke (L2) 7Btu/lb* (Lzi 13

Forms of sulfur

0.08 0.04 (4,245)1.36 .6s (4.392\
.82 .70 (4,393t

(L2) 0.03 0.01(L2) .28 .06(L2) .6s .45

Sulfate
r y ! ! ulL
Organic

0. 10
.7r

vl

0.02
.20
.64

Ash-fusion temperature ('C)

L ,246 (4,053)
I,280 (3,722)
1,328 (3,449)

L,I49
L,2TO
t,260

1,538
L,538
1 5?1

31s
349
398

25s
287

1,
1,
t,

1,
t,
1,

(L2) L,320(11) r,352(10) L,251

Initial
deformation

Q^€+^--i-.-JV! Lgltlltx
Fluid

Free - swelling
index - (L2) 7 .31 1. 50 9.00 6.84 5.53 4 .68 (4,603)

Air - dried
loss (12) T.96 0 .40 5.80 L.49 1. 83 l. 13 (3,868)
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content and concentrations of 11 maiorY ind rniior-oxides in the
laboretory ash- of L2__bituminous coal samples fr.om the .I-ower Ban
content and concentrations of 11 ma

samples from the Lower Banner
coal bed," SouthwesL Virginia. For compaiison the arittrmetic and
seometric means of chaniel and dril1 cbre samples of bituminous coal
from the Appalachian basin are included' (n)'indicates the numbertrom tne Appalacnran
of samples^ fer oxide.

ian basin are included. (n)- indicates the number

[All samples were ashed at 525'C; all data are in percent.]

Table l3f . --Arithmetic mean, observed range, 4nd-geometric mean .of ash

Lower Banner bed Appalachian basin

Observed range
Arith(n) meAn Min. Max.\ ^-/

Geom.
lltc dl I

Arith.
tttc dl r

Geom.
mean

(Ash) (L2)

sio2 (12)

A1203 (L2)

Cao (12)

Meo (12)

Na2O (I2)
K2o (L2)

Fe2o3 (12)

Mno (12)

TLo2 (I2)
Pzos (9)

so: (11)

L4

4B

25

2.2

L.2
/, tr'

L.O

11

. 039

1.5

.67

2.3

5.8

LJ

I9

. JZ

.31

.L2

.46

4.4

. 018

.18

.019

L,2

q/, -t 
1

55 48

30 2s

5.2 L.7

2.0 1.1

.90 .38

J.U Z.L

37 9.1

.L2 .032

2.2 L.4

L.7 .36

3. B 2.L

13

43

24

10 (5,262)

4r (5,229)

23 (5,229)

1.5 (5,221)

.75 (5,258)

.34 (5,194)

L.7 (5 ,229)

13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

L.9 (5,063)

2.2

.85

.43

L-V

L9

.03

L.2

..50

2.5
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Table L1g.- -Arithmetic mean, observed range, and seometrico-r )4 trace erements Ln L2 bicuminous doal sambles fromb."d, Soulhwesr Virginia. For comparison rhe ;[i;h*;ti;cnanner and drilr core samples of-biturninous coal fromare. included. Dashed valubs ( - - - ) r"pt."uni less thanindicares rhe number of .samples- p6r-el;;;;-C. -init-,i"-C"
million and are reporred on'a wh6l;_a;;I-b*;sisll

103

mean of concentrations
the Lower Banner coal
and geometric means of

the nFpalachian basin
five Samples; (n)
are ln parcs-per-

Lower Banner coal bed Appalachian basin

t'n )
Arith.
rug dtt

Observed range

Min. Max.
Geom.
mean

Arith.
mean

Geom.
mean (n)

AS

Ba
Be
lJl
Br
Cd
C.a

C1
Co
Cr

Cu
T'\r r

f,r
Eu
F

Gd

NI

Hs
tl()

Li
Lu
Mn
Mo
Nb
Nd
I\I
rb
Pd
Pr
Rb
Sb
Se
Se
Sm
Sn
Sr

Tb
Th
T1
Tm
U
V
I^I

I

Yb
Zn
Zr

(L2
(L2
(12
(12
(!?

{L2
(IZ
(L2
(7

(L2
(L2
(1)
(12

/1(I

\z(1?
)1,)
(12

(o
(8

/14
\ r4
(L2

l

0.10
31
19

120
1.6

11
. 078

2L
11n

5.4
L6

1ar.o
t?__

"42
69
5.3
,1

.39

.83

.t4

0.010
1.6
3.1

?)
.69

6.0
. 006

0.91
\20

B2
460

3.7

20
.L9

7A
720

L6q7

7.0
44
3.4
2.2
T,2

180
2T
3.7

.73
2.8

0.037
LJ

13
92
L.4

11
.o5l

L9
300

L6
L.6

LI

- -.to

0.07 0.0s35 1330 2090 632.5 2.01.5 1.122 13.10 .07

(4,565)
(5,197)
(5,076)
(5,134)
(5 ,247 )

(108)
(4,892)
(4,978)
(5,075)
(3 ,646)
(5 ,2I7 )(5,205)
(4, 831)
(5,239)

(7 5e)
(1,200)
(5,032)
(4,860)
(5,046)
(L,713)
(4,608)
(4,932)
(5,031)

(378)
(5 ,I47 )(5,243)
(4,885)
(5,260)
(4,8Be)
(5,005)
//, t11\
(5 ,240)(5,r12)

(18)
( e60)

(2 ,232)(s,003)
(5,21B)
(s,0s2)
(5,005)
(2,352)
(5,L46)
(4,369)
(4,852)
(5,098)

(382)
(46)

(4,990)
(5,24I)
(4,42L)
(5,234)
(5,1st)
(5,243)
(s,238)

L4
17

99
6.6
2.6
4.7

.79
"22
.76

11
?)

.16

3.7
2.6

13
L7

B.B
.17

a1

28
L,4
4.4
3.6
2.4
r.6

11n

11
200

1.s
7.3

.20
7.5
3.4
L.2

)0

2L
780

7 "4
18
1.3

L9
3.3
1.5

.44

I.7
1.8

.Y4
8.5
11!.r

22
24

t7
510

5.7
15

15
2.6
L.2

.31
7L\/,

L.Y
2.5

.62

.15
,6I

8.9
T4

,L4
15

L.J
r.9
9.9

l1+

,L4
3.6

22
"913,6

2.8
1.6

.86
79

.19

.29
2.3
2.r

.38
1.3

LY
.80

1.2
.92

10
2.2

.42

.L2

.40

.027

5l
4.2
L.7

.35

.83
"10

1t\
nt
L2)
L2)
11)
L2)
10)
L2)

!?)

L2
27

.15

3;- 
-

1.1
J.6
2.5
1.9

.73
140

.28
?. /,

t:?
1.6

22

6.4
.07 5

11

40
l-20

T20

B

22
38
L6

11

.83

.84
2.7
4.1
2.3

35
1.5
2.4
9.0

l1
6.3

.0B5

.L2
L.6
L.7

.8

.2

.4L .IJ
26
r,4
1.9
7.6
9.6
5.5

iei(r2)
(12)
(12)
(12)
(8)

(r2)
(r2)
(L2)
(12)
(2)
.li;
(r2)
(L2)
(r2)
(r2)
(r2)
(12)

.63
5.9
1-l!.r

19
L]

L6
.30

z.w
r.6

.80

.15
44

.59
9.0

.40
2.4

5q
2.L
4.6

L20
2.4

13
4.2\/,
r.4

2L0
1n
1nr.v

10
3.1

4.0
87
L.2

L7
3.0

92
50

2l
1.1
3.2
2.4
L.6

.60
L20

.25

.zY

?.2

I.4
1-7

.60
5.0

.9011II
I4
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T}PPER BANNER COAL BED

This coal crops outin Buchanan, Dickenson,Russell andWise Counties. The 1989 production of theUpper Banner was 1.9

million tons with 1.5 million tons being mined in Dickenson County (Virginia Division of Mines, 1990). I-ocd names include

the Lower Banner or the Lower Splash Dam coal bed. The Upper Banner coal bed can occur as a coal zone with up to three splits.

The uppermost split has a one-inch sandstone parting which which is laterally persistant and contains volcanic ash. Cannel coal

occurs at the top of the Upper Banner at one sample location. The coal typically has a moderately-developed medium cleat and

moderate amounts of thin and medium banding. The roof at most sample localities is shale with abundant plant fossils, however,

sandstone roof occurs at two sample sites. Sampled thickness ranges from 1.3 to 10.6 feet.

In the 24 Upper Banner coal bed samples (Figure 21 and Table 14a), Pd and Tm me found to be below the detection limits

in addition 0o the elements found below the detection limits for all 375 Virginia coal samples (Tables l4b, l4c, and 14d). Bi and

Tl have only one unqualified value each, therefore geometric mean calculation was not possible. The geometric means (Tables

14e, 14f, and 14g) for Ba, U and the free-swelling index are substantially higher and the geometric means for Pp' As, B, Br, Cl,

Ge, Hg, Pr, Zn, sulfur, sulfate, and pyritic sulfur are found to be substantially lower when comparing the geometric means of the

Upper Banner coal samples with the samples from the Appalachian basin.

0 246 810 KILOMilRS

0 2 4 6 SIAmVIES

Figure 21. Locations for samples from the Upper Banner coal bed.
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r20 VIRGINIA DIVISION OF MINERAL RESOURCES

,rltimii" initvies, heat conteni, forms"of sulIur, and ash-fusioil temperatures
for 24 bjrumiirous'coal samples from the Uppqr Banner.coal bed, ^Southwesti"r-t4-[iir*iit""i'.oif ri*pf"J from rhe Upper Banner_coal bed, ^SouthwestVirsinia. For .omp"ii"on the arithmetic bha geometric means of channel and
arill core samples'of bituminous coal from thd Appalachian basin are includVirsinia. For comparison the arithmetic and geometrlc means ot cnannel ano
arill core samples'of bituminous coal from thd Appalachian basin are included

f 
^ 

l1 --^1..^rdt! vdruss o,o in percent except Btu/lb, KcaL/kg, as!-r-fusion.tempe.r.atufg:,*ld.'---Fr""-r*.tfi"e intiex and are L.port'ea 6n an hsYieceived basis. - oF - 9/5 "C + 32i
Kcal-/kg:0.556 Btu/lb; (n) is-number of samples per parameter.l

j.e 14e. --Arithmetic mean, observed range and geometric m-eal of proximate and
ultimate analyses, heat content, forms"of sulIgr, and ash-fusion temperature

il:b j.e L4e. - -Arithmetic- mean, observed range ^and

Upper Banner coal bed A-^^1 ^^Li -- 1. ^^-iAppalacnran Dasln

Arith
mean

Qbserved range

Min. Max.
Geom
mean

Arith.
mean

Geom
mean

\ I r,,,
t'n't

Proximate and ultimate analYses

Moisture
Volatile

matter
Fixed

carbon
Ash
Hydrogen
C-arbon
Iitrogenuxygen
Sulfur

(24)

(24)
2.13 4.76

29 .7A 22.8L

58.74 48.30
B. 83 3.60
5.11 4.22

76.80 63.00
I.46 L.2L
7 .07 4. 81

. B0 .50

13.39

38.20

2.2s

29.49

3.23

32.46

z.oa

3L.72

(4 ,7 60)

$ ,7 6A)

4 ,7 6A)
4 ,7 60)
4 ,7 6A)
/+ ,7 60)
4 ,7 51)
4 ,7 56)
4 ,9t 4)

s2 .48 5L .7 6
11. 83 9. 83'5.02 5.00
70.69 70.I7
1.39 I.37aora))
2.L5 1.63

6t .80 58.57n.9a 7 .50
5.60 5.10

83.59 76.60
1. B0 L.45

TB .11 6 .14
2.20 .75

(24)
(24)
(24)
(24i
(24)
(24)
(24)

Heat content

7 ,572
13 , 618

KCal/ke
Btu/lb-

7,593
L3,657

(24)
(24)

6,198
IL,14]

8,326
L/4,974

7,030
1) 6,1tlL

6 AlQ (4 ,l59)
(4 ,7 s9)

Forms of sulfur

0. 08 0.04 (4 ,245)1.36 .65 (4,392)
.82 .70 (4,393)

n'l 1 n nt
v. !!'l 01 11

It f 1

(1e) 0.03(24) .22(24) .55

Sulfate
P17f1 rl 

^

Organic

0. 01
o1

.25

Ash-fusion temperature ("C)

Initial
deformation

Softening
I rulo

(4,063)
(3,122)
(3,44e)

L,L27 I,
I,L5/+ 1,
L,266 1,

(1e)
(16)
( 14l

!,2)+I, Jbb
1,405

527

s3B

L,328
T.362
L,402

1 ?q5
L,287
1,334

L,246
1,280
I,328

Free - swelling
index " (24) 7 .69 l.s0 9.00 7 .38 5. s3 4 _68 (4,603)

Air - dr ied
1os s (22) L.79 0.06 B .57 1.10 L. 83 1.13 (3, 86B)
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Table L4f.- -Arithmetic mean, observed range, and geometric mean of ashcontent and concentrations of 11 maiorY and mifior-oxides in theIaborgtory ash of 24 bituminous coal samples from the Upper Bannercoar bed, Southwest Virginia. For compalison the arithmbtic and
geomet-ric means of chaniel and drill cbre samples of bituminous coaltrom the Appalachian basin are included. (n)'indicates the numberot samples per oxide.

[A11 samples were ashed ax 525"C: all data are in percent.l

t2tl

Upper Banner bed Appalachian basin

Arith
(n) mean

Observed range

Min. Max
Geom.
mean

Arith
mean

Geom.
mean t'n')

(Ash) (24)

sio2 (24)

A12o? (24)

Cao (24)

MsO (24)

Na20 (24)

Kzo (24)

Fer03 (24)

MnO (24)

rio2 (24)

Pzos (14)

so3 (24)

9.5

46

2B

2.3

L.2

.59

))
9.7

.423

L.2

.15

2B

62

35

8.2

2.1

1.9

4.3

34

.044

2.4

.49

15

J.U

3t
20

8.0

46

27

1.8

1.1

.44

T.9

8.0

.42

L.2

.11

2.4

13

24

2.2

.85

.43

2.0

I9

.03

7.2

.)u

2.5

10 (5,262)

4r (5,229)

23 (5,229)

1 " 5 (5,227)

.75 (5,258)

.34 (5,194)

1.7 (5 ,229)
13 (5,2I5)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

1.9 (s,063)

.50

.43

.L2

.48

3.2

.008

.69

.020
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Table L4z.--Arithmetic mean. observed range, and geometric mean of concentrations---;f 5+-ir"."-.}.*.nt" tn )+ 6ituminous Eoil samflles from the Upper Banner coal
l.a, Souihwest Virginia. For comp4rison the alithmetic Snd.geometric means of
channel and drill dore samples of-bituminous coal f-rom the Appal?chian basln
are included. Dashed valubs (---) represent less than five samples; (n)
indicates the number of samples p6r element. [A11 data are in parts-per-
million and are reported on-a whble-coal basis.]

Upper Banner coal bed Appalachian basin

(n)
Arith.
mean

Observed range

Min. Max.
Geom.
mean

Arith.
lltg al I

Geom.
mean lnl

As
AS
B

bl
Br
CA

C1
\,o
Cr

Cu
DY
ET
Eu
F

Gd

rrcNI
HE
HO
T.
Li
Lu
Iln
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
bD
Sc
Se
Sm
Sn
Sr

Tb
Th
T1
Tm
U
V
\^I

Y
Yb
Zn
Zr

2.5
L6

.52
3_9

.40
2.9

.35
L.2
4.0

5.4qq
2.6

l3)(\
2T
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2.4
l3

.82
6.8

.86
5.9

l5

.L9

.29) '),

z.L
?a

1.3
L9

.80
7.2

.92

(23)
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(24)
(24)
(24)
(1)
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(24)
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(4)
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(13)
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(s)
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(24)
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(s)
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(24)
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.0s0

IB
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1.s

.86

.88
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SPLASH DAMCOAL BED

The Splash Dam coal bedcrops outin Buchanan, Dickenson, Wise and Russell Counties.Itis locally calledtheUpperBanner
or Wilson coal bed in these counties, and is correlative with the Glenalum Tunnel coal bed in McDowell County, West Virginia.
Total production of this coal in 1989 amounted to 3.1 million tons, the majority coming from Buchanan County (Virginia Di-
vision of Mines, 1990). Sampled thickness ranges from 0.9 to 4.8 feet. Roof rock is normally shale with abundant plant fossils.
A I .5 foot shale parting separates the "cleaner-looking" upper bench from the lower bench which contains three or more partings,
some of which may be bony. The Splash Dam typically has moderate- to well-developed fine- or moderately-developed medium
cleat with a moderate amount of thin banding.

The elements Bi, Pd, and Tm, in addition to the eight elements below the detection limits for all37 5 Virginia coal samples,
are also found to be below the detection limits for the 21 Splash Dam coal samples (Figure 22 andTable 15a are the descriptive
and location information and Tables 15b, 15c, and 15d contain the analytical results). Tl has only one unqualified value and
therefore geometric mean calculation was not possible. NqO, Cl, and the free-swelling index are found to have substantially higher
geometric means (Iables l5e, 15f, and 15g) for the Splash Dam coal samples than for the Appalachian basin samples. MnO, As,
Cd, Ge, M;n,Zn, and pyritic sulfur geometric means are found to be substantially lower.

t23

( I 4€i2i'
o5zl gt"u

< u:/4 '8599

'l
876
a77

7594r ""'

0246E10 Kr$MffiS

0246$AMM|6

Figure 22. Lcr;ations for samples from the Splash Dam coal bed.
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Table 15e.--Arichmetic mean, observed range and geometric mean of proximate and
ultimate analyses, heat contenc, forms"of sulfur, and ash-fusioir temperatures
for 2T bitumiirous coal samples from the Splash Dam coal bed. Southwest Virginia.
For comparison the arithmetic and seometric means of channel and drill cord
samples- of bituminous coal from th6 Appalachian basin are included.

fA11 values are in percent exceDt Btu/lb. Kcal,/ks. ash-fusion temperatures.and' free-swelling inilex and are ieport'ed on an 'asYieceived basis. '"F : 9/5 "C + 32;
KcaL/kg: 0.556 Btu/lb; (n) is'number of samples per parameter. ]

Splash Dam coal bed Appalachian basin

Arith
mean

Olserved range

Min. Max 
"

Geom.
mean

Arith.
mean

Geom.
mean

t'n ) /n)

Proximate and ultimate analyses

Moisture
Volatile

tltdLLer

Fixed
carbon

Ash
Hydrogen
C-arboi
Nitrosen
uxygen
Sulfur

2.56

29 .99

L.4L

25.70

32.L0
4.3r
4. 50

64 .60
1.20
5 .40

.60

4. 0B

42.90

65.98
2r.74

s .40
8L.76
7.74
7 .83
4. 10

2.46

29.81

3.23

32.46

2 .69

3L.12

(4 ,7 60)

(4 ,7 60)

(2r)
(2L)
(2r\ s9.11(2r\ 8.34(2r) 5 .0s(21) t] .29(2L) L.s2(2L) 6.72(2L) 1.08

5L.7 6 (4,7 60)
9.83 (4,760)
5.00 (4,760)

70.r7 (4,760)
r.37 (4,757)
8 .22 (4 ,7 56)
1.63 (4,974)

s2.48
11.83

s .02
74.69
L.39
8.92
2.15

58.57
7 .59
5 .04

77 ,LB
1.s2
6 .69

.92

Heat content

KCaL/kg
Btu/lb

7 ,65l- 6 .247
T3 ,7 60 LL ,236

7,639
1? 7?q

B,OB5
14,5/+L

6 ,97 9 (4 ,159)
12 ,553 (4 ,7 59)

(2r)
{2r)

7,030
L2 ,644

Forms of sulfur

0.08 0.04 (/+ ,245)
1 . 36 .65 (4 ,392).82 .70 (4,393)

0.23 0.052.77 .111.1s .62

(20) 0.07(21) .38(2L) .63

0.01
n1

.48

Sulfate
Drrri ri ^r / ! ! ulv

Organic

Ash-fusion temperature ('C)

(4,063)
(3,722)
(3,449)

1-,255 1 ,L,287 1 ,L,334 1 ,

516
521
532

L,329
1,,382
L,422

246
280
328

(18) 1,335 1,038 1,(1s) 1,388 I,L?L 1,(11) L,427 I,Il7 1,

Initial
deformation

Softening
I, IUTG

Free - swelling
index (2f) 7. 81 7.00 9 .00 7 .78 5.53 4.68 (4,603)

Air- dried
loss (2r) 1.61 0. 70 3.08 1 .48 'l c? 1. 13 /? cAc\
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Table 15f.--Arithmetic mean, observed range, and-geometric mean of ash
content and concentrations of 11 majorY and miior-oxides in the
laboratorv ash of 2I bituminous coal samples from the Splash Da
coal bed.'southwest Vireinia. For compaiison the arithmetic an

content and concentrations of 11 ina
samples fr.om the Splash Dam

coal bed, thwest Virginia. For,eompalison the arithmetic and
seometric means of chanfiel and drill cbre samples of bituminous coal
Erom the Appalachian basin are included. (n)- indicates the numberFro* thu Appalachian basin are included. (n)'indicates the number
of samples per oxide.

[A11 samples were ashed at 525"C; all data are in percent.]

Splash Dam coal bed Appalachian basin

Arith/-\
\ rr,,, llrs4rr

Observed range

l{in. Max.
Geom.
lllg dr I

Arith
mean

Geom.
mean t'n')

(Ash) (2L)

sio2 (2r)
A12O3 (2r)
CaO (21)

Meo (21)

Na2o (2I)
Kzo (2T)

Fe20, (2L)

MnO (21)

rio2 (2L)

P2oS (11)

So: (13)

9.1

49

2B

1.3

.84

.81

2.2

8.8

.02

L. t

.23

r.1

.55

.27

.28
qn

2.7

.004

.65

tl\

.50

4.5

t6

L]

26 8.1

71 48

38 28

2.8 1.1

1.6 .77

r.2 .14

4.2 L.9

26 7.L

.05 .01

2.7 r.6
.51 .1B

4.2 L.4

13

43

24

2.2

.85

.43

z.v

L9

n?

L.2

.50

2.5

10 (5,262)

4L (5,229)

23 (5,229)

1.5 (5,221)

.75 (5,258)

.34 (5,194)

L.7 (5 ,229)

13 (5,215)

.02 (5,260)

1.1 (s,203)

.22 (3,389)

L.9 (5,063)
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Table 15s.--Arithmetic mean, observed range,-and geometric mean of concentrationsof 54'trace elements in-2r-bituminous doat r"rfiiJ""ii.i ii!"spi";h^'Dim";;;i"''bed, southwest.Virginia. Fgt compprison the aiithmetic and gbometric means ofchannel and dritt eore samples oi'biaumi";il c;;i f;;;-r[; A;;;f;;hi;r"b""i"-are included. DaFhed varubs (---) rupi""u'i i;;; ;h; ii;"-'!fi;t"'Ji-<"i-"-"'indicates .h".-l"T!9r of.sampres.per elemenr. -i4ir-a;;"-;;; in prrr"-per-mrrrlon and are reported on a whole_coa1 basis. I

Splash Dam coal bed Appalachian basin

Arith.
mean

Observed fange
Min. Max.

Geom.
mean

Arith.
mean

Geom.
mean

nb
B
Ba
Be
Bi
Br
LO
Ce
i1UI

Cr

Cu
T)rr

f,r
Eu
F

Gd

Hf
He
flo
T-
Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr

Tb
Th
TI
Tm
U
\/
I^I

Y
Yb
7n
Zr

(20)
(21)
(2L)
(2r)
(21)

0 .04

L4
100

r.9

0 .010
1.0
3.6

J.L

0 .08
79
37

34A
6.8

0.03
4.8

T2
82
1.6

0 " 07 0.0s35 1330 2090 632.5 2.0
15 11

ZZ IJ

(4,565)
(5 ,L9t )(s,076)
(5,134)
(5 ,247 )(108)
(4: Be2)
(4 ,97 g)
(s,07s)
(3 ,646)
(5 ,2I1)(s,20s)
(4,831)
(5,239)

(7 se)
(1,200)
(5,032)
(4, 860)
(5,046)
(L,173)
(4, 60B )
(4,932)
(5,031)

(378)
(5,147)
(5,243)
(4,885)
(5 ,260)
(4, 889 )(5,005)
(4,23I)
(5,240)
(5,T72)

(18)
(e60)

(2,232)
(5,003)
(5,218)
(5,052)
(s,00s)
(2,352)
(5,146)
(4,369)
(4 ,852)(5,098)

(382)
(45)

(4,990)
(5,24L)
(4 ,42L)(5,234)
(5,151)
(5,243)
(5,238)

15
Z.t)
t.2

.37

(21
(2r
(2L
(L4
(2L
(27
(2L
(2L

(B
(z

(2L
(2L
(2L
(11
(18
(2L
(20

(o
| )1
(zr
(2L
(2L
(2r
(2r
(L7
/41
\4r(2r

l6
.04

L9
1,200

5.9
T4

.84
13
2.6
1.5

.40

2.7
1.5

.74

.19

.60
1l
I6

.14

2.1
.0t7

8.0
s00

2.2
7.5

.10
7.7
L.2

.74

.22
10
2.L

.53

.30

.035

.30
4.0

.070
L.9

.4L

.48
1-1

3.6
2.3

28
.11

1,500
L4
2B
2.9

22
3.6tn
1.0

260
1.1
5.5
9.L
1.7
.4I
.77

23qe

.28
B4
4.L
5.2

2A
24
9.7

L4
n?

18
1, 100

5.3
l3

.54

/4
4.4
2.1

.9L

.67

.L4

.57

.10
2L

780
7.4

1B
1.3

T9
3.3
tq

.44
99
6.6

4.1
.79
.22
.76

1t))

.24
.). /,

3.0
3.4
L.7
1.8

z4
o/,

1.1
22
24

.47
L7

510
5.1

15
.Bs

1'

.J/

tn
1.8

.90

.93

.25
24

.080

.Ll
1.1

-. 
sg

1.7
.30

1.5
.60

1.9
J.U

7,8
74
4.4
6.7
4.8
4.r't1

310
{n

.74
5.6

1-7

ii
1.8

13
2.4

LO
4L

4.6
22

-7n

J.Z
2.5
1.s

.60
r-10

.2{+

.30
?_9

1.2
15

.70
5.8

.96
5.5

L4

]T

t.9
z-)

.62
"15
.6L

8.9
L4

.14
15
2.3
1.9
9.9

T4
6.2

.14
3.6

22
.91

J.b
2.8
L.6

.86
79

.19

.29
2.3
2.r

.38
1.3

19
.80

7.2
.92

10
11

IJ
1.4
2.5

1)
I2
5.2

.13
7.2
L,2
2.2

11
10
4.8

,T6
31
3.7

13
T7
8.8

.L7
6.1

2B
1.4
4.4
J.O
2.0
I,6

110

(5
\/
2T
t1
LL

2L
ZL
L6
LL

20
2I
27
(1
;.-ZL
2T
2T
2L
2t
21
21

5.5
27
1.0
3.3
2.7
1.6

.70

11
I.I

10

L20
.27
.32

?.1

1.3
16

t

]

i
i

(

6.4
1.0
6.8

IO
T4
L7
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HAGY COAL BED

The Hagy coal bed crops out in Buchanan, Dickenson, and Wise Counties. In Buchanan County it is locally lnown as the

1ower War Eagle, Edwards, or the Splash Dam coal bed. In 1989, 0.6 million tons were produced, all from Buchanan County

(Virginia Division of Mines, 1990). The range of thicknesses at sample sites is from 1.9 to 3.6 feet. This coal normally has a shale

roofbutatone sample location theroof is sandstone. Thereis atleastonebonycoalparting. TheHagyistypifiedby amoderately-

developed medium cleat with abundant thin banding.
In the 10 Hagy coal samples (Figure 23), Bi, Ho, Pd, Tl, and Tm are found to below the detection limits in addition to the eight

elements found to be below the detection limits for all375 Virginia samples. There were four or less unqualified values for Dy,

Er, h, and Rb therefore geometric means were not reported for these. When comparing the geometric means of the Hagy coal

samples with the geometric means of the Appalachianbasincoal samples, As, Ba, and sulfateare substantially higherfortheHagy.

The geometric means for CaO, B, and Mo of the Hagy coal samples are substantially lower. Table 16a describes the samples and

provides location information about the samples. The analytical results are found in Tables l6b, l6c, and 16d. Tables 16e, 161

and 169 contain statistical summaries for these samples.

ft/

Figure 23. Locations for samples from the Hagy coal bed'
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Table 16e. -Arithme-tic mean, observed range_and-geometric m.eaq of proximate-and
ul.tjmafc analyses, heat iontent, forms-of sulfur, 4nd ash-tusron lemperacures
ior iO birumiiiour'.oif "i*pf.J from the Hagy coai bed, Southwest-Virginia. fot
comoarison the arithmetic brrd geometric medhs of channel and drrII core samples
of bitrrminous coal from the Apialachian basin are included.

fAll values are in percent except Btu/lb, Kcal/kg, asb-fusion.tempelatures' free-swelling index and are ieported on an as-received basls' -r: Y/)
r."i7tg:-o.5se Bt;/1b; (n) is'number of samples per parameter'l

, and
"c + 32

Hagy coal bed Appalachi-an basin

Arith
mean

Geom.
mean

Ariuh.
tttEdtl

(n)

Observed__lcnge

Min Max

Proximate and ultimate analYses

Moisture
Volatile

ma.tler
Fixed

carbon
Ash
Hvdro sen
LarDon
Nitrogen
SuLIur

(10)

(10)

2.AB

28.05

60.01
9. 86
4.BB

76.55
L .44
5 .56
L.1I

1.33

24.06

54.88
5 .66
/, qq

12.98
r .37
a 1aL.IL

,78

2 .87

3L .66

2.00

27.94

59 .92
9.60
4.88

16 .52
I .44
5.42
L .54

3.23

32 .46

52 .48
11.83
5.02

70.69
1.39
8.92
2.15

2 .69

3r.72

51.76
9. 83
5.00

70.L7
L.37
8.22
1.63

(4 ,7 60)

(4 ,160)
4,
4,
4,
4,

U

4,

7 60)
7 60)
7 60)
1 60)
7s7)
7 56)
91 4)

65.74
L3.78
s.06

BO. B9
L .52
o. oo
3.60

(10)
(10)
(r0)
(10)
(10)
(10)
(10)

Heat content

(4 ,7 59)
(4 ,t 59)

(10)
(10)

1,550
11 qlo

B84
180

7 ,0301) 6LL
6,979

72,553
1,548

13 ,57 6
7,330 7,

13, rB3 14,
KCaI/ke
Btu/lb-

Forms of sulfur

(4,245)
(4,392)
(4,393)

Sulfate
P\rYl rl a
:J--"'-urganrc

0 .05
.06
.51

0.22
2.80

.92

0.04
.65
.70

0.08
1.36

.82

0.11
.54
.10

(10) 0.r2(10) . 88(10) .7L

Ash-fusion temperature ('C)

Ini tial
deformat-ion

\nTranl no
I luLO

l,
L,
t,

I,T27
L,LB2
1,304

(10)

t?]

L,334
L,396
1 LL?

L,499
L,493
L,532

'l ??o
1 ?At
r,440

255
287
334

r,246
L,2BO
L,328

(4,063)
(3,722)
(3,41+9)

Free - swelLing
index *(10)

7.05 6.00 9.00 6.99 /, AA (4,603)

Air - dr ied
los s (10) 1.18 0.25 2.LL 0.98 l 83 1.13 (3, B6B)



PUBLICATION 122

Table 16f.--Arithmetic mean, observed ranse. and qeometric mean of ashcontent and concentrations of ll maiorl ind mifior-oxides in thelaboratory*.gsh of 10 bituminou"_coal samples iio* cnu uigv "oil b"d,Southwest Virginia. For comparison the brithmetic and s5'ometricmeans of channel and drill cbre samples of bituminous cfial fiom theAppalachian basin are included. (") indicates the numbei of-.irpf"sper oxide.

[All samp]-es were ashed at 525"C; a11 data are in percent.l

r49

Hagy coal bed Appalachian basin

Arith
(n) mean

Observed ranse

Min. Max
Geom.
mean

Arith.
mean

Geom.
mean

(Ash) (10)

si02 (10)

A12o3 (10)

Cao (10)

Mgo (10)

Na2o (10)

Kzo (10)

Fe203 (10)

Mno (10)

Tio2 (10)

Pzos (6)

SO: (9)

20 11

52 48

28 26

2.L

.59

3.7 2

32 13

.15

2.0 I
.29

2.5 1

(5,262)

(5,229)
(5 ,229)

.5 (5 ,221)

.75 (s,258)

.34 (5,194)

.7 (5,229)
(5,215)

.02 (5,260)

.1 (5,203)

.22 (3,389)

.9 (5,053)

I2
/,4

26

.82

.84

.44

2.4

l5
.03

7.4

,14

1.6

.41

.55

.24

.72

4.3

. 008

.77

.069

.95

.73

.82

.42

.L

.02

.4

,L2
q

a.L

.85

.43

.0

5.1

40

20

l3
43

24

2

19

I

10

4T

ZJ

I

1

IJ

.03

.2 1

.50

2.5
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Table 16s.--Arithmetic mean. observed ranee. and geometric
of 54"trace elements in l0 bituminous 6oa1 samiles from
Southwest Vireinia. For comparison the arithmbtic and
channel and dfill core samplbs of bituminous coal from
are included. Dashed valubs (---) represent less than
indicates the number of samplds p6r element. [All data
and are reDorted on a whole'-coal-basis.l

mean of concentrations
the Hagy eoal bed,

eeometriC means of
Ehe Appalachian basin
f ive . 

-shmples ; (n)
are in Darts-per-million

Hagy coal bed Appalachian basin

Observed ranse
n *r' f1-rnt!ult.
lllEol! Min. Max.

Geom.
mean

Arith.
mean \ rr,,t

d6
AD
B
Ba
Be
Bi
Br
Cd
C.a

C1
Co
Cr
Cs
Cu
DY
LT
Eu
F

fir
He
HO

Li
Lu
Mn
Mo
Nb
Nd
Ni
ph
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr

Tb
Th
T1
Tm
TT

V
I^I

I

Yb
Zn
Zr

99
6.6
2.6
4.7

.79

.22

L2
L9

(9)
(i0)
(10)
( 10)
(10)

( io;
(ro1
(10)
( 14)
(10)
(10)
(10)
(10)
(1)
(1)

(10)
(e)

(10)
(1)

(10)
(10)

I?)
( r0)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
( 
191
(3)
(4)

(10)
(10)
(10)
(10)
(1)

(10)
(10)
(10)
( 

191

i;t
( 10)
( r0)
(10)
(10)
(10)
( 10)

0.04
OU
B.l

110
L.9

.; - -
L+

20
780

4.7
15
1.3

,!__

.38
140

4.9

2.2
.72
.L2

0.012
?q
4.4

65
.71

6.6
. 017

0.11
1',tn

L4
280

2.2

24
.08

30
1,300

7.L
,'),
2.9

27

r.7
.53

470
7.9

L2
+.>
1.1

.29

0.04
LO
B.l

98
L6

r;--
.04

19
720

4.2
L4

.9L
L6_

--;.
.JO

100

i;
.69
.09

0.07

30
90
2.5
1.5

,2
1n

t1
780

1.4
18
1.3

l9
3.3
1.5

,44

0. 0s
LJ
20
bJ
2.4
1.1

.ol

.85
15
2.6
I.2

.31
]L
L.9
2.5

.62

.15

.61
8.9

L4
.L4

15
t?
L.9
9.9

14
6.2

.L4
3.6,),

.9r
3.6
2.8
1.6

.86
79

.L9

.29
2.3
2.r

.38
1.3

19
.80

7.2
.92

13
300

1.2
8.3

.10
8.5
3.6
L.7

n.)

LI
510

5.7
15

(4,565)
(s,1e7)
(5,076)
(5,134)
(5 ,247 )

(108)
(1+ ,892)(4,978)
(5,075)
(3 ,646)
(5 ,2I1)(5,205)
(4,831)
(s,23e)

(15e)
(1,200)
(5,032)
(4, 860)
(5,046)
(L ,17 3)
(4,608)
(4,e32)
(5,031)

(378)
(5 ,r47 )(s,243)
(4, 885 )(5,260)
(4,889)
(s,005)
(4,231)
(5,240)
(5,tt2)

(r8)
(e60)

(2,232)
(s,003)
(s,218)
(5,052)
(5,005)
(2,352)
(s,146)
(4,369)
(4 ,852)
(5,098)

(382)
(46)

(4, 990)
(5,24L)
( tL lL?1\\ ', -*/(5,234)
(5,ls1)
(5,243)
(s,238)

30
z-J

L2
.16
.50
. 010

76
L1
LB

.11
LO
1.3
2.9
8.9

11ll

2 _t_

.94
J.O
3.1
r.7
1.0

BB
.28
.29

?:.

1B
.74

5.8
.87

7.4
11

. 070
6.3

.34

.90ta
3.2
2.8

.68
13

?n
2.L
'A1.0

.18
56

.20

.18

1:9
- -;-

10
.50

3.0
/, ').

6.+

.L4

13

2.L
5.2
J.O
1)
L.7

L20
.4L
.43

1_?

1.9
JJ

1nr.\-,
9.5
r.2

28
37

.10
L7 .2
1.0
2.6
8.2ot,
t_!

:_:
.74

3.5
3.1
T,7

.16
B7

.27
t9

? -t_

1.3
11

.72
5.5

.84

.24

.342n
3.4
L.7
1.8

24

LJ

LO

r20

r.+
.,)
L2

11

1'?
11
LL

.L6
31
3.7

13't1
B.B

.L7
6.L

28
L.4
4.4
3.6
2.0
L.6

110

.8

.a

T4
L7

l0
1B

o/,
8.5
1.1

22
24
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NORTON COAL BED

This coal crops out in Dickenson and Wise Counties and all production is from these two co{rnties. The top of the Norton coal
bed marks the top of the Norton Formation. l,ocal names for the Norton include the Middle Norton, Yellow Creek, Dorchester,
Lyons, Hagy, Glamorgan, or Gladeville coal bed. Sampled thickness ranges from 1.7 to 3.2 feet and roof rock at sampled sites
is shale and sandstone. There are usually two bone coal partings and traces ofpyrite. The coal has a moderate- or well-developed
medium cleat with moderate amounts of medium banding.

Twelve elemenls, Bi, Ho, Pd, and Tm in addition to the eight elements below the detection limits for all the Virginia coal
samples, are found to be below the detection limits in the 15 samples analyzed from the Nortnn coal bed (Figwe 24 and,Table I7a
have the descriptive andlocation data andTables 17b, 17c, and 17d for the analytical results). Dy, Pr, andTl do nothave calculated
geometric means due to an insufficient number of samples. The geometric means for MnO, B, Br, Ge, Mn, Tl, Zn, sulfate, and
pyritic sulfuroftheNorton coal samples are substantially lowerthanfortheAppalachian basincoal samples. Thegeometric means
are substantially higher for Pp' Pr and the free-swelling index in the Nuon coal samples than for the Appalachian basin samples.
The statistical summaries are found in Tables l7e,l7f, and 17g.

151

Figure 24. Lx,artons for samples from the Norton coal bed.
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f 
^ 

1 1 .-^1,,^Ld!! varu=o-91- i{r percent except Btu/1b, KcaL/ke. ash- fusion temperatures, and
an aslieceived basis. - "F : 9/5 "C +

Kcallkg : 0.free-.swellirg_!n(ex ,?Ird grg teported on
Kcal/ks : 0.556 Btu/lb: (n) is number oF.t-rr /1 k . (n) is- number of samples per parameter. ]

Table L7e.--Arithmetic mean, observed rang,e and geometric m-eal of proximate and
ultimate analyses, heat i:ontent, forms"of sulfur, an4 ash-fusion teqPeratures
for 15 bitumihous'coal samples from the Norton eoal bed, Southwest Virginia.
For comparison the arithmetic and seometric means of channel and drill core
samples'of bituminous eoal from th5 Appalachian basin are included.

Norton coal bed Appalachian basin

Arith.
I!C dl I

Obsefrcd_ renge

Min. Max.
Arith.
mean

Geom.
mean

(n) fn)

Proximate and ultirnate analYses

lilo i s ture
Volatile

'n ^ 
tsf^e

lll4 L ug L

Fixed
carbon

Ash
!ydrogenuarDon
Nitrosen
uxygen
SuIIur

(1s)

(15)

z.oo

30 .45

s8.19
8.11
5.r2

76.73
1.51
1.06

.BB

L.32

24 .56

50.10
2.20
4.L\

68.48
L.23
4.70

.63

4.00

34.40

63 .40
20.43
5.60

82 .44
L.7A
9.00
1.30

2.54

30.30

s8.04
7 .L6
5.10

76.64
1.50
6.96

.Bl

1 ??

32 .46

2 .69

37.72

5L .16
9. 83
s.00

70.L7
r.37
8.22
I. OJ

G ,7 6A)

(4 ,7 60)

(1s)
(1s)
(1s)
(1s)
(15)
(1s)
(1s)

(4 ,160)
(t+ ,7 60)
(4 ,160)
(4 ,160)
(4,757)
(/+ ,156)
(4 ,97 4)

52 .1+B
ll. B3
5.02

70.69
1.39
B.92
2.L5

Heat content

KCal/kz
Btu/lb"

(15) I ,593 6,696(15) 13,656 72,043
8,143 7 ,579

14,645 13,631
6 ,97 9 (4 ,7 59)

12 ,553 (4 ,l59)
7 ,0301) 6L/!

Forms of sulfur

Sulfate
Pyritic
Organic

0.02
tq
a1

0.01

.46

0.08
/,Q

.84

0.02
.20
.bu

0 .08
1.36

.82

0.04
.65
.10

(4,245)
(4,3e2)
(4,393)

(14)
(1s)
(1s)

Ash-fusion temperature ('C)

Initial
deformation

Softening
_F rulo

L,255
L,287
L,334

1,488
1, 516
1,513

(r2)
(e)
(1)

1,356
r,317
1 LOL

1,082
1, 110
1,r77

1,350
I,370
1 ?OO

r,246
T,2BO
L,328

(4,063)
(3,122)
(3,449)

Free - swelling
index "(15) 8.33 s.00 9.00 8.26 s.53 4.68 (4,603)

Air - dried
loss (1s) L.44 0.s6 2.BO r.32 1.83 1.13 (3,868)
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Table 17f.- -Arithmetic mean, observed range, and geometric mean of ashconLent and concentrations of 11 majorl and mifror-oxides in theIaboratory ash of 15 bituminous coal samples from the Norton coalbed, Southwest Virginia. For comparison'the arithmetic and
geomet-ric means of-channel and drill eore samples of bituminous coalfrom the Appalachian basin are included. (n)^ indicates the numberot samples per oxide.

[A11 samples were ashed ax 525'C; all data are in percent.]

163

Norton coal bed Appalaclrian basin

Observed ranee
Arith

(n) mean Min. Max.
Geom.
mean

Arith.
mean

Geom.
mean

(Ash) (ls)
sio2 (1s)

Ar2o3 (ls)
CaO (1s)

Mgo (15)

Na2o (1s)

Kzo (1s)

FerO, (15)

Mno (15)

rio2 (ls)
PzOs (10)

So3 (1s)

8.7

51

27

L9
9.)

.50

8.2

.01

o-7

c/,

.70

.18

,23

.80

)2,

. 00s

1.0

. 030

.32

a

.85
/,').

.0

)?

?o

23

24 7.2

60 51

33 27

s.5 1.5

r.7 .74
at /,q

4.L 2.2

19 t.4
.04 .01

2.5 1.5

3. s .4L

9.4 L.7

13

24

2

10

4l
23

I

(5,262)
(5 ,229)
(5 ,229)

.5 (5,227)

.75 (5,258)

.34 (5,L94)

.7 (5,229)

(5,215)

.02 (5,260)

.1 (5,203)

.22 (3,389)

.9 (5,063)

z

19

1

13

.03

L.2

2.5



1& VIRGINIA DIVISION OF MINERAL RESOURCES

Table lL7z.' -Arithmetic mearr, observed range,-and geometric
of 54*l-race elements in 15 biturninous coal samples lrom
southwesc r/irs.inia. For comparison the arithmetic and
;h;;;;i-;na-37i11 core samplbs of bituminous coal from
.i" i""f"auA. Dashed valubs (---) represent less than
itai""i.t-ihe number of samples per element. [A11 data
and are reported on a wholelcoal-basis. ]

mean of concentrations
the Norton coal bed,

geometric means of
Ehe Appalachian basin
f ive 'sbmples; (n)
are in p-arts-per-million

Norton coal bed Appalachian basin

Arith.
Ohcorrzod T2rsc

Min. Max.
Arith.
lltgatt 1n\(n)

As__o
As
B
Ba
Be
lj1
Br
Cd
Ce
UI
Co
Cr
Ce
Cu
Dy
LT
Eu
F

Gd
Ge
Hf
Hg
11()
T^
Li
Lu
Mn
Mo
Nb
Nd
rlilt i
Pb
Pd
Pr
Rb
St)
Se
Se
Sm
Sn
Sr

Tb
Th
Tl,
Tm
U
V
i.j
Y
Yb
Zrr
Zr

0.03
13
10
B3
2.2

0.06
55
I6

1s0
1.4

0.03
8.6
9.1

10
T.7

30
90

2
1

22

0.008
1.1
6.0

I6

(rs)
(15)
(15)
(1s)
(rs)

.07 0.05
l3
20
bJ
2.0
1.1

l
]

]
)
)

]

]

]
)
)

32
l3
LB
52
05
52
46
69
52
9B
B2
46
90
4L
2L

51
4J
J6

of,
e7)
76)
34)
4t)
0B)qr'
7B];
75'
46"
17'
05'
3l'
?q'
59'
00'
32'
60
/,4
73
08
32

r31
,J8
"47
'.43
185
t60
r89
)05
131
>.40

,J2
:18
)60
432
)03
ZlB
)52
)05
)52
L46
J69
352
198
382
| /,1
99C
241
/+21

151
24:
23t

65
97
76
34
4l
OB
92
7B
15
46
L]
05
3l
59
:00
t32
i60

56:
19'
07l

24
10r
B9l
97
a1
64
2L
20
6J
23
15
2A
03
86
04
1771.
501
93
03

L4
24
B8
26
B8
00
23
24
11
t1

9:
0:

Lt,)/

BI
LI
BI
0(
a'L,
zL
1

Qr
.)'

0l
2
0
Qr

3
1,

,B
o

(
q

,4
I

2
.L

,f
,!

t

(l
,E

c

,I
(

,l
()

,(
,l
,!

,l
(

,(
(
,

(
't
t,
l,

l,
):,,,

!,),
(

),

i,
),),

TL

5
q

5

(

q

?
5
5

q

(
1
'q
4,q

'4.

(

\',
(lL
\. j(\
(lL
(\
(4
1tr,

(5

(t
/c,

()(\
)i
(t
\J
(+
(4

(4
(q,

(4
(q

(5

(t
(t

(t

(:
(:

li
t.
(l
(l

I
(

i
t

t
(

t
(
(
(
(
(
(
(

(
(
(
(
(
(
(

.51 .5
.5

( 14)
(1s)
(15)
( r1)
(1s)
( 14)
(1s)
(15)
(1)
(B)

(ls)
(1s)
(1s)
(t)

(14)
( 14)
( 

111
(r5)
(1s)
(15)
(1s)
(14)
(15)
( 14)
(1s)
(1:l
(2)
(e)

( 11)
(rs)
(1s)
(1s)

(B)
(rs)
(L2)
( 1+1
(1s)
(3)

6.8
.08

I4
370

8.4
1?
1.1

IB

"94
.'28

130
3.9
1.3
1.3

.69

.10

8.0
L4

.L2
8.2
1.6
2.0
1 .9

l3
t_1

1B
.90

3.0
1.8
1.3

. 89
130

.23

.22
,: 

-?

2.0
.028

2.4
BO

I .5
.10

8.5-l tr,

.52

.075
30

.62

.4L
^14

.02_0

1.0
3.0

.055
2.0

.64

.22
L.2
4.4
1.3
;-;)"/.
8.5

.55
1.1

.92

.30

.11
44

. 090

. 090

.30

.18

T2
.t7

32
1,100

18
32

L.J

40
1.5
1.5

.52
420

11
t)
3.0
1.5

.24

L9
4L

.27

L6
29
2.0
Aq
3.0
2.2
2.4

274
.68
.37

6\
3.4
:-:
1.)

JO
1.3

L6
1.6

?g
59

6.2
.07

L2
300

7 .5
L2

.81
L6

.84
otr. LJ

B9
3.1
1.1

.99
AJ

.08
;-;o./

11
.11

6.1
L.4
r.6
6.7

I2
1_t

T1
.82

2.6
L.7
L,2

.52
110

.Lv

.20
1:9

1.0
16

.59
5.5

.67
h4

13

.10
21

780
1.4

1B'
1.3

I9
J.J
1.5

.44

.01
L7

510
5.7

l5
.85

15
,6
r.2

.Jl
7L
5.4

2.s
.62
.15
.61

Rq
L4

99
6.6
)6
4.7

.19)t

.16

23
3.2
4.3

15
2l
15

31
5./
2.6

13
L]
8.8

.17
6.1

28
I.4
4.4
3.6
2.0
1.6

110

11
22

.L6 .L+
L5

) '1,

1.9
9.9

I4
o-z

.L4
3.6

22
.91

?A
2.8
r.6

.85
79

.19

.29
2.3
2.L

1.3
L9

.80
t.2

.92

.24

.3/+
3.0
3.4
L.7l B

24

L4
L7

.94
8.5
1.1

22
24

(13)
(1s)
(1s)
(1s)
(1s)
(i5j
(15)

t1

1B
.66

b"J
.1 /+

$1 .7
17

.32
2.8

.20
r.9

.30
:-.1
2.8
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WISE FORMATION

DORCI{ESTER COALBED

Mostproduction of theDorchestercoalbedis from WiseCounty,butproductionfrom Buchanan, Dickenson, andLee Coun-
ties contributed to the total of 4.3 million tons produced in 1989 (Virginia Division of Mines, 1990). The Dorchester is the low-
est coal in the Wise Formation and is known by many local names. In I.ee County it is called the Marcee or Cornett coal bed. Wise
and Dickenson County names include the Glamorgan, Norton No .2,Eagle,Blair, Lyons, Gladeville, Esserville, or Big Dirt coal
bed. Sampled thicknesses are from 2.1 to 6.1 feet. The Dorchester nor*iuy occurs as one coal with two or three partings lotaling
less than 0.5 foot. Bone coal is found as parting material. In some places, a well-defined shale parting ranges from 0.5- to l-foot
in thickness. In and east of the town of Wise, the coal is found inlive splits within a 70-foot interval, numbered from top (No.
1) tobottom (l'{o.5).Pyriteis founddisseminatedthrough thecoal, oncleats, andinthepartingmaterial. Theroofrockis commonly
shale, but sandstone roof occurs at several of the sample locations. The Dorchester typically has a moderate- to well-developed
medium cleat with moderate amounts of ttrin and medium banding.

In addition to the elements below the detection limits for all 375 samples in this report, the elements Bi and pd are found to
bebelowthedetectionlimitsforthe 5TDorchestercoal samples (Figure25). Ho,Tl, andim haveless thanfiveunqualifiedvalues,
therefore calculation of means was not possible. The geometric means for NqO and the free-swelling index are substantially
higherand the geometric means for B, Dy, Gd, Ge,Li, Nb, Tl, Zr,andpyritic sulflrare substantially lowerfor the Dorchestercoal
bed samples than for the Appalachian basin samples. Table 18a displays the location and descriptive information for t1'e
Dorchester samples. The analytical results are presented in Tables l8b, i8c, and 18d. Summaries of the statistical data are shown
in Tables 18e, 18f, and 18g.

165

Figure 25. Locations for samples from the Dorchester coal bed.
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Table 18e.--Arithmetic mean, observed ranse and seometric mean of proximate andultimate analyses, heat eontent, forms"of sulfur, and ash-fusioir ternperatures
for 57 bitumihous'coal samples from the Dorchester coal bed. Southwe!t Vireinia.
For comparison the arithmetic and seometric means of channei and drill corE
samples- of bituminous coal from th6 Appalachian basin are included.

I 
^ 

l1 --^1,,^In!r ve!qcs o.- in percent except Btu/lb. Kcal/kg. ash-fusion temperatures.andfree-swelling index and are ieport'ed on an 'asYieceived basis. 'oF : 9/5'"C + 32;
Kcal/kg:0.556 Btu/lb; (n) is'number of samples per parameter.l

Dorchester coal bed Appalachian basin

Arith.
Observed range

Min. Max.
Arith. Geom.
mean mean

Geom.
mean

/n\

Proxj-mate and ultimate analyses

Moisture
Volatile

matter
Fixed

carbon
Ash
!ydrogenuarDon
Nitroeen
oxysei
SuItur

3.03

30.94

58.19
7.84
5.20

76.s4
1 .48
7 .64
L.29

L.L2

21. 50

42.70
1. 90
3.90

54 .40
1. 00
5.35

L3.L7

3B .01

67 .00
31.70
5.70

83.80
1.86

11 ?A
4. 00

2 .61

30.11

58 .00
6.18
5.19

76.3L
1 .48
7 .40
L.L4

3.23

32.46

s2.48
11.83
5.02

70.69
1.39
8.92
2.15

(s7)

(s7)
2 .69 (4 ,7 60)

3L .12 (4 ,160)
(s7 )(st )
(57 )(s7)
(s7 )(s7)
(s7 )

5r .t 6 (4 ,7 60)
e . 83 (4,760)
s.00 (4,760)

70 .r7 (4 ,7 60)L.37 (4,757)
8 .22 (4 ,7 56)1.63 (4,974)

Heat confent

KCal/ke
Btu/lb-

7,6L2
l3 , 691 9 ,699

(s7)
(s7)

8,361 7 ,58715,038 L3,645
7,030 6,979

12,644 12,553
(4 ,7 59)
(4 ,7 59)

Forms of sulfur

(4,245)
(4,392)
(4,3e3)

Sulfate
Pyritic
Organic

0.01
.01
.L7

0.08
l.Jb

92

0. 04
.65
.70

0.69 0.03
2 .66 .291.70 .68

(s7) 0.06(s7) . s3(s7) .7r

Ash-fusion temperature ('C)

(4,063)
(3,722)
(3,/+49)

(4e)
(46)
(42)

1 
'qqL,287

1 1.1/,

L,052 L,52LL,LO2 L.532I,L27 1, 539

I,246
1.280
L"328

I,2/+2
L,287
I, JJO

1,250
L,294
L,342

Initial
deformation

Softening
Fluid

Free-swelling
index (55) 8.20 2.50 9.00 8 .08 5.53 4.68 (4,603)

Air-dried
1os s (4s ) 2.00 0.40 9.02 L .57 1.83 1.13 (3,858)
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content and concentrations of 11 ma
samples fr-om the Dorcl'rester

[A11 samples werg ashed at 525" all data 'are in Percent. I

;;;i-b;a;'so,rdttt."L viigitii. -For compalison the arithmetic and
seometric means of chanfiel and drill cbre samples of bituminouF
3;;T"f;;; ln"-epprr"-dni]"-uisi.t iie included.' (n) indicates the
number of samPlb-s Per oxide.

Table 18f . --Arithmetic mean, observed range, and.geometric rngan-gf ash
content and conce"ir"iio"r oi ff'maJoaY ind miior-oxides in the
r;f-;i;i";t-";h ;i s7- uit'*minoui-coa1 samples rfpq !l:-P:l:|:"i:

Dorchester coal bed Appalaehian basin

Arith.(n) mean Min.

Observed range

Max. (n)

(Ash) ( s7 )

sio2 (s4)

Al2o3 (s4)

Cao (54)

Meo (51)

Na2o (57)

Kzo (s4)

Fe2o3 (s4)

Mno (s7)

Tio2 (s4)

Pzos (43)

So3 (48)

1.8

44

23

1.8

.93

.85

2.7

1B

.048

1.1
/, /)

2.9

L.Y

IO

4.3

.55

.21

.16

.35

)0

.005

.15

.020

.JU

23 6.2

60 43

34 22

5.6 1.5

3.0 . 85

2.3 .73

4. 8 r.9
59 13

.44 .023

)) q1

2.0 .2s

8.8 2.3

10 (5,262)

4L (5,229)

23 (5,229)

1.5 (5,221)
' .15 (5,258)

.34 (5,I94)
I.7 (5 ,229)

t3 (5,2L5)

.02 (5,260)

1- 1 (5,203)

.22 (3,389)

L.9 (5,063)

13

43

24

2.2

.85

/,'),

2.0

L9

.03

L.2

.50

2.5
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Table 1Bg.--Arichmetic mean. observed ranse. and eeometric mean of concentrationsof 54-trace elements in 57 bituminous Eoal sam5les from the Dorchester coal
bed, Southwest Virginia. For compari-son the a'richmetic and geomelric means of
channel and drill dore samples of'bituminous coal from the Aipalachian basinare included. Dashed valubs (---) represent less than five lbmples; (n)
indicates the number of samples p6r element. [Afl data are in farts-pei-million and are reported on-a whble-coa1 basis.l

Dorchester coal bed Appalachian basin

\ r r.,,

Arith.
mean

Observed ranse

I'Itn. Max.
Geom.
mean

Arich.
mean

Geom,
mean t'n'\

Aq
AS
B
Ba
Be
Bi
Br

Ce
C1
Co

Cu
Dy
LT

F
Ca

Ge
Hf
Hq
tl0

Li
LU
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
sb
Sc
Se
Sn
Sn
Sr

Tb
Th
T1
Tm
U
V
iJ
Y
Yb
Zn
Zr

/57)

151\
/q7\

n n12
)').

10

0.006
1.1
?n

1B
3B

0.r2
L70

2B
380

5.9

-L.L
9.3

1.6

0.07
1n
90
2.5
1.5

/"2
.10

2L
780

7.4
ld
1.3

LY
5.5
1.5

.44
99
6.6
2.6
4.1

.79

.22

.76
11
99

.16

.24
'). /,

3.0
3.4
II

1"8
24

.94
8.5
1.1

22
24

0.05
13
20
OJ
2.0
1.1

,LJ
.07

L7
510

5.1
15

.85

'A14L.L
.37

7I
5.4
1q
2.s

.62

.15

.bl
8.9

T4
.14

t\

2.3
r.v
9.9

r.+

.14
3.6

)2
.9r

<h

2.8
L.6

.86
79

)
)

(
(

(

(
(
(
(

5 1q7
5,476
5,134
5,247

( 108
4,892
4,978
5 ,015? A/,4
c, )1-7
5 2l.)q
4, 831
5 ??O

/7qo
1,200
5,032
4,860
5 ,046
1,773
4,608
4,932
5,031

( 378
5,I41
5,243
4,995
5,264

T,RR?
4,23l-
5,240
q 11t)

(18
( 960

) )'t.t
5,003
5,218

? '3;?
) 2\'-)
5,L46

4,852
5 ,098(382

(46
4,990
5,241
4,42rq r1./,
s,151
5,243
5,238

i:l)
(32)
(s7)
(s6)
(s5)
(s7 )(6)
( i4)
(s7 )(s0)
(s6)
(25)
/ cn\
(s4)
( s1)'(2)
{st )
(s7 )(s7)
(57)
(s4)
r55)
(4e)
(s7 )
(?7_)

(e)
(18)
(s6)
( 57 )
(56)
(57 )
(28)
(s7)
(43)
(s2)
(s6)
(4)
(1)

(/+9)
(s6)
/ce\
()b)
(s6)
(s6)
(s6)

n.l)
.0,-'5

74
530

q/,

11
.84

T4
tl
1.0

.27
L20

4.L
1.1
1.8

.50

.11

1.6
13

.10
23
L.9
L,4
8.6

11
5.2

;-L
20

1a
L.L

z.o
11
1.3

100
.L9
.22

1:?

L./+
16

.54
s.B

.67

1.,)
. 011

3.0
10
L.2
2.6

.10
4.7

.70

.40

. 080
20

fo
L.L

.34

.14

.10

.010

.39
L.2

.47

.010
1.2

.30

.L7
1.0
2.s

.30

. JZ
4.0

.28

.39

.79

.27

.050
t4

.040

.040

.30

.48

.50

.28
?/,

.25
I.2

.15
2.4
I.4

26
'47

''O?3
4.L

36
3.5
2.8

.tJ

840
I4'), )
L2
1.8

.39

.48))
110 ,/,.L+
200

6.5
6.9

36
29
6I
11
5q
t9
1.r
7.0
3.5

T4
340

.s7

.63
6.0
2.0

.50
3.8

s2
.97

26
1.5

56
B9

6.9
.049

11
470

4.8
8.2

.57
13
1.3

.88

.23
69
3.4

1.1
.36
.071

:-:
6.4

.09
11
r.6

.93
6)
AA
3.2

3.1

.81
2.2
2.2
1.0

.66
80

.15

.L9

l_l
1-.1

1)
.51

4.8
.59e)

7.5

.80
7.2

.92
L4
L7

3L
3.7
2.6

13

8.8
.L]

A'l
2B
L.4
4.4
3.6
)0
L.6

110

t

t

t

t
(

(

t

I

t

(

t

t

t

.19

.29
2.3
2.L

?n
1.3

19

11
1',)
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LYONS COALBED

This coal crops outin Dickenson,Ice, andWise Counties.In 1989,0.4 million tons were produced from Dickenson andWise

Counties (Virginia Division of Mines, 1990). In Ire County, the Lyons is known as the Thompson coal bed. In Wise and Dick-

enson Counties it has been called the Eagle, Blair, Bald Eagle, or the Upper Eagle coal bed. Sampled thickness ranges from 1'2

to 3.2 feet. The Lyons typically has a weli-developed medium cleat with moderate- and abundant-medium banding. Pyrite occurs

on the cleats and roofrock is generally shale.
.I\e 

32 samples from the Lyons coal bed (Figure 26 and Table l9a ue the descriptive and location information and Tables

19b, l9c, and l9d for the analytical results) haveiubstantially lower geometric means Clables 19e, 19f, and r9g) than those of

the Appalachian basin for Br, ir, Ge, Li, Pb, Pr, Zr, and pyritic sulfrr. Only the geometric means for NqO_, and the free-swelling

indeiare substantially higher than rhose of the Appalaihian basin samples. The elements Bi, Ho, Pd, and Jm in addition to the

eight elements previousf fisted are below their detection limits. Dy has no calculated means because of having only two

unqualified values.

989 , s6r8 \
k-<' ;,,,*!€:?

/ I 73S3

\ \68ee
/860.\ .\RAr,8168 \6894 88jl

o 2 46 610 KlLoMflffis

O 2 4 6 SAMEMIES

Figure 26. Locations for samples from the Lyons coal bed.
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214 VIRGINIA DIVISION OF MINERAL RESOURCES

Table 19e.--Arithmetic mean. observed range and geometric m,ea! of proximate and
rrl rimnfe nna'l vses, heat content-- forms-of sulfur. and ash-fusion temperature
"fri*ii. ;n;it;;;;-heal conteni, forms"of sulfur,_apd-asb-fu.sion temperatures
for 3? bitumiirous coal samoles from the Lvons coal bed, Southwesc v1rgln1a. Ifor 32 bituminous-c-oal samples the Lyons coil. bed,.Southwest.Vitginia. Igtiii1r.ci."5;a-g;;;etii. m'."ni of channel E"d drill coie samplescomDarlson I:ne arl_Lnlne LIc aIl(I geollle LI- I(j lrredrrs e! urrdrrrrsr ar
of bituminous coal from the Apialachian basin are included.

IA1!- values are in percent excepE Btu/lb, KcaI/kg, as!'I-fusion.tempef,atule,:,31d.- free-swelline inilex and are reported on an as-recei-vecl basls' t': Y/) u +
KcaI/kg:0.556 Btu/lb; (n) is'number of samples per parameter.J

Lyons coal bed Appalachian basin

Arith.
mean

Observed range-

Min. Max.
Arith. Geom.
mean mean

(n)

Proximate and ultimate analYses

Mo is ture
Volatile

matter
Fixed

carbon
Ash
Hvdrosen
uarDon
Nitrogen
oxysei
SUlfur

(32)

(32)
3.55

3r.32
1.30

23.30

44.90
L.66
4. 10

58.50
1.10
6.11

.45

L6.46

37.60

64.L3
28.20
s.80

82.72
L.74

26.80
3.10

2.86

31. 15

3.23

32.46

s2.48
1r.83
5.02

70.69
1.39
8.92
2.Is

2 .69 (t+ ,7 60)

3l .72 (4 ,7 60)

5t .t 6 (4 ,7 60)
9. B3 (4,760)
5 .00 (4 ,7 60)

70 .L7 (4 ,7 60)
t.37 (4,757)
8.22 (4,756)
1.63 (4,974)

57 .05
6.48
5.L7

7s.2L
I .46
1.97
L.L4

(32\ s7.2r
(:z ) t .e2(327 s.19(32) 15.48(32) L.47(32) 8.6l(32) 1.33

Heat content

KCal/ke
Btu/1b-

(32) 7 ,490 5,728(32) 13,472 10,302
8.225 7 ,459

14,793 13,415
7,030 6 ,919L2,644 L2,553

(4 ,7 59)
(4,759)

Forms of sulfur

Sulfate
Pyritic
Organic

0 .07
.56
.69

0.01
.02
.34

0.42
L.Y4
1. 31

0.0s
.30
.66

0 .08
1.36

.82

0.04
.65
.70

(32)
(32)
(32)

(4,245)
(4,392)
(4,393)

Ash-frrsion temperature ("C)

Initial
deformation

Softenins
Fluid

(31) r,L75(29) 1,311(23) 1,355

1 ,054
1,110
T,L82

1,518
1,516
1,499

r,246
1,280
L,328

L,245
l-, 305
1,353

L,255
L,287
L,334

(4,053)
(3,722)
(3,449)

Free - swell ing
index -(30) 8.30 4. 50 9 .00 8.24 5. s3 4 .68 (/+ , 603 )

Air - dried
1os s (26) 2. .40 0. 60 11.87 1.6s r. B3 1.13 (3,868)
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Table Lgf.- -Arithmetic mean. observed ranse. and geometrie mean of ash
content and concentrations of 1l maiorY and mifror-oxides in the
laboratory ash of 32 bituminous coal samples from the Lyons coal
bed, Southwest Virginia. For comparison^ the arithmetic- and
geometric means of"channel and drill core samples of bituminous
Eoal frorn the Appalachian basin are included.- (n) indicates the
number of samplbb per oxide.

[A11 samples were ashed ax 525"C; all data are in percent.]

215

Lyons coal bed Appalachian basin

Observed ranse
Arith

(n) mean Min. Max.
Geom
IIIE 4I I

Arith.
mean

Geom.
mean (n)

(Ash) (32)

sio2 (31)

Al2o3 (31)

Cao (31)

Mgo (32)

NarO (32)

Kzo (31)

Fe2o3 (31)

Mno (32)

ria2 (31)

Pzos (r9)

Sog (2e)

B

43

24

1

1

.2 r.1
20

10

26 6.6

60 42

32 23

10 1.3

2.s 1.0

3 .1 .77

5.0 2.3

53 14

.34 .02

2 .A 1.0

1 .0 .20

L7 2.3

1?

l4

L.L

aq

/,').

2.0
10

n?

L.t

.50

c<

10

4I
ZJ

1

(5,262)

(5,229)

(5,229)

.5 (5,227)

.75 (5,258)

.34 (5,194)

.t (5,229)

(5,2r5)

.02 (5,260)

" 1 (5,203)

.22 (3,389)

.9 (5,063)

1

'l?
z

18

.8

1

.v5

.043

1.1

.29

5-Z

.53

.24

3.1

. 001

.40

.030

.25
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Table 19e. - -Arithmetic
of 54-trace elements
Southwest Vireinia.
of channel and drill
basin are included.
indicates the number
^-r ^-^ -^rorted ondrru dlE tgl

VIRGIMA DIVISION OF MINERAL RESOURCES

mean. observed ranqe. and s,eometric mean of concentrations
in 32 bicuminous 6oa1 samiles frorn the Lyons coal bed,
For comoarison the arithm-etic and geometric means
core sairples of bituminous coal fr6m the Appalachian
Dashed vblues ( - - - ) reDresent less than fivb samples; (n)
of samples per'element. IA11 data are in parts-per-million

a whole'-coal'basis. I

Lyons coal bed Appalachian basin

Observed ranse
Arith.
mean l{in. Max.

Geom.
mean

Geom.
IITE dLI t'n )

AS
B
Ba
Be
.6r
Br
UO

trI
Co
Cr

Cu
u'l
lrr
Eu
F

Gd

ftr
He
no

Li
Lu
Mn
Mo
Nb
Nd
L\I
Pb
Pd
Pr
Rb
5D
Se
Se
Sm
Sn
Sr

Tb
Th
TI
Tm
U
V
I^]

Y

\rb
Zn
Zr

0.0s
13
2A
bJ
2.0
1.1

13

( 31)
(32)
(32)
(32)
(32)

15
2.3
1.9
9.9

T4
6.2

.14
3.6

LL

L9
1.5
L.4
1.6
9.6

( 31)
(sz)
(32)
(20)
(32\
(32i
(32)
(32)
(2)
(s)

(32)
(27 )
( 31)
(10)
(27 )
( 31)
(26)

(32)
(32)
(32)
(32)
( 3t)
(30)
(27 )(32)
(t-?l

(s)
(r2)
(30)
(32)
( 31)
(32)
(1s)
(32)
(28)
(30)
(32)

(B)

(3ii
i/?t\
(30)
(32)
(32)
(32)
(32)

0.032
JI
L2

Ll0
1.7

0.012
1.1
4.5

)t
.41

0 .066
r20

28
294

8.0

0. 030
15
ll
9/+
I.4

0.07
Jf
30
on
2.5
1.5

22
.10

2L
780

.l .+
18
1.3

1.5
.44

99
6.6
2.6
4.1

.79
aa

. LL

.16
11
-LI))

9.2
.0s3

L2
630

4.8
10

13
--;-

.ol

.25
110

3.8
1.9
L.6

/,o
.L4

;-;o.o

.09

?'l
19

.88
2.5

1.1

100
.L6
.2A

1.8
I.4
1.1

L4
.48

4.4

1.0
.0I2

3.4
100

r.2
1.9

.13
5.6
2.2

.33

.098
on

.53/,t

.060

.064

.010

1.3
oq

.040

.15

.42

.19
2.4

.83
--"o

8.0
.25
.94

1.3
.45
.13

35
.040
.040
.25

?n
- -.-zg

2.6ta
L.9

?n
L.6
I.J

24
.13

43
1 ,400

9.8
42

2.9
31
2.6
1.1qq

Ltv
I2
6.0
9.2
2.4

.40

^:--l)
lB0

.29
100

3.4
8.7

22
zo
16

6.4
.040

l0
460

4.4
8.6

.69
I2

.60

.23
B9
3.0
1.s

.89

.39

.099
:-;).1+
o.J

.080
9.5
1.3

.99
6.5
8.6
3.0
:-:t1

18
.77

2.2

.99

.64
B5

.13

.r7
L.4
1.1

.93
11

.45
4.0

.58
8.8

.07
T7

510
5.1

15
.85

15

L.2
.37

7L
\IL
1.9
2.5

.62

.61
8.9

I4
.14

.91

2.8
r.6

.86
79

.19

.29
2.3
2.r
1.3

I9
.80

1.2
.92

(4 ,565)(s, re7)
(5,076)
<5,I34)(5,247)

(108)
(4,892)
(4 ,91 8)
(5,07s)
(3,646)
(5 ,21,7 )(s,20s)
(4,831)
(5,239)

(7 se)
(1,200)
(5,032)
(4, 860)
(s,046)
(L,773)
(4,608)
(4,e32)
( 5 ,031)

(378)
(5 ,r41)(5,243)
(4,885)
(5,260)
(4,889)
(5,005)
(4,23L)
(5,240)
(5.Tt2)' '(18)

(e60)
(2,232)
(s,003)
(5,218)
(5,052)
(s,005)
(2,352)
(5,146)
(4,369)
(/+,852)
(s,0e8)

(382)
(46)

(4,990)
(5,24r)
(4 ,42L)
(5 ,23/+)(5,151)
(5,243)
(s,238)l5

11

.16
31

?.?
2.6

1aIJ
11

B.B
.77

6.1
2B
L.4
4.4

1.6
110

.l+

.34
3.0
3.4
r.7
1.8

Z4
o/,

8.5
1.1

22
L4

7.3
2B
2.2
8.5
7.6
J.U
3.4

340
.12
.54

7.9
2.8

^-;J^O
40

.90
11
L,6

l2
4/+

T4
L]
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BLAIRMARKER AND BLAIRCOAL BEDS

The Blair coal zone consists of several splits, of which the Blair Marker and the Blair were sampled for this report. The Blair

coal zone crops out in Buchanan, Dickenson, Lee, and Wise Counties. Production in 1989 was 1.8 million tons (Virginia Division

of Mines, 1990). Due to the gleat number of coal beds in a small stratigraphic interval, the Blair coal bed is most often confused

with the Clinfwood coal bed. Sampled thickness, including partings, is from 1.7 to 6.6 feet. The Blair commonly has a shale or

siltstone roofin sharp contact with the coal. There are two or three shale,bonecoal, orrashy coalpartings, each less than one inch

thick. Bone coal commonly occurs in the lower portion of the coal and cannel coal was observed in one sampled exposure soutleast

of Pound (R-8Sl?). The Blair typically has a well-developed medium- or fine-cleat and thin and medium banding. Pyrite occurs

disseminated through the coal and associated with the parting material. In Wise County, the Blair splits into at least three beds

which are all locally are minable.
Three samples were collected for the Blair Marker coal bed @igare}7 and Table 20a are the descriptive and location infor-

mation). Bi, Dy, Ho, Pd, Pr, and Tm are found to be below the detection limits for these samples in addition to the eight elements

below the detection limits for all 375 Virginia samples (Tables 20b,2k,,and 20d). The geometric means for these analyses will
not be discussed since there are only 3 samples.

The elements Bi and Pd, in addition to the eight elements below the detection limit for all375 Virginia coal samples, are

below the detection limits for the 1? Blair coal bed samples Sigure 28). The geometric means for As, B, Br, Cs, Dy, Gd, Ge, Mn,

Pr, Rb, Sn, Sr, Th, V, Zn,7.r, and pyritic sulfur are substantially higher and NqO and the free-swelling index are substantially

lower for the Appalachian basin coal samples than for ttre Blair coal samples. Tm has only one unqualified value and therefore

an analyses of means is not possible. The descriptive and location information are found in Table 2la,the analytical results are

found in Tables Zlb,2lc,and 21d, and the statistical summaries are found in Tables 2le,Zlf, and 21g.

Figwe27. Locations for samples from the BlairMarkercoal
bed.

2r7

Figure 28. Locations for samples from the Blair coal bed.
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Table ZLe.--Arithmetic mean. observed ranee and seometric mean of proximate and
ultimate analyses, heat 6ontent, forms"of sulfur, and ash-fusioir temperatures
for L7 bitumiirous'coal samples from the Blair coil bed. Southwest Vileinia. For
comparison the arithmetic 'and geometric means of chann6l and drill coie samples
of bituminous coal from the Apfalachian basin are included.

IA11 values are in percent exceDt Btu/lb. Kcal/ks. ash-fusi-on temperatures.and- free-swelling inb.ex and are Leport'ed 6n an 'asYieceived basis. 'oF : 9/5''C + 32
Kcal/kg:0.556 Btu/lb; (n) is'number of samples per parameter.l

Blair coal bed Appalaehian basin

Arith.
lltE dt r

Observed range

Min. Max.
Arith. Geom.
mean mean

Proximate and ultimate analyses

Moisture
Volatile

matter
Fixed

carbon
Ash
Hydrogen
C-arboi
Nitrosen
Oxyeefi
burrur

3.90

3L.72

s8.34
6.04
s.36

77.42
1 .48
8.38
1.31

28.20

53.30
2.40
4.86

68.90
1.00
4.20

.55

11.00

35.10

63.54
l-L.20
s.70

83.31r
L.l0

16.60
5.20

3.36

3L .67

58.28
s.46
s.35

77 .35
L4l
8.03
1 .03

3.23

32.46

s2.48
11. 83
5.02

70 .69
1.39
8.92
2.L5

(17)

(17 )

2 .69 (4 ,7 60)

3L.72 (4 ,7 60)

(17)
<L7t
(L7 )
(17)
(17)
(17)
(17 )

5L .7 6 (4 ,7 60)9.83 (4,760)
5 . 00 (/+ ,7 60)

70 .t7 (4 ,l60)1.31 (4,757)
8 .22 (4 ,7 56)
1.63 (4,974)

Heac content

KCaL/ks. ( 17 )Bru/lb" (17)
7,694

r3,839
6,678

12 ,010
8 ,269 7 ,686L4,872 L3 ,825

7,030
L2 ,644

6 ,97 9 (4 ,7 59)
L2 ,553 (4 ,159)

Forms of sulfur

Sulfate
r yr!Lru

Organic

0.07
.65
.64

0 .01
.03
.26

0.31
4.20

.97

0 .04
.22
.61

0.08
r.36

.82

0.04
.65
.70

(r6)
(r6)
(r7 )

(4,245)
(4,392)
(4, 393)

Ash-fusion temperature ("C)

Initial
deformation

Softenins
.r rulct

(13)
(8)
(7)

L,344
1, 304
1 1/,a

L,527
L,527
1, 513

L,334
1 ?qo
1, 34.0

1 t55
L,287
L,334

L ,246 (4 , 063 )1,280 (3 ,722)I,328 (3 ,449)

1, 116
L,I82
L,246

Free - swelling
index -(17) 7 .94 2.00 9.00 7 .s9 5.53 4.68 (4,503)

Air - dried
1os s (12) 2.08 0. 50 6.31 l_. 51 1. B3 1.13 (3,868)



236 VIRGINIA DIVISION OF MINERAL RESOURCES

Table 2Lf.--Arithmetic mean, observed range, and_geometric mean gf ash
content and concentrations of 11 maiorl and mifror-oxides in the
laboratory ash of 17 bituminous eoal samples from the Blair coalaboratory ash of 17 bituminous eoal samples from the Blair coalbed, Southwest Virginia.,For,comparison' the arithmetig. an+bed, Sout
geometric means of-channel and drill core samples of bituminous coal
from the Appalachian basin are include-d- (n)'indicates the numberflom the Appalachian basin are included. (n)'indicates the numberof samples- ier oxide.

[Al1 samples were ashed aX 525'C; all data are in percent.]

Blair coal bed Appalachian basin

Arith./-\\ rr_/ lilEdrr

Observed range

Min. Max. \ r r,,/

(Ash) (Lt )

sio2 (17)

412o3 (17)

Cao (17)

Mso (17)

Na2O (17)

K2o (17)

Fe20, (17)

Mno (17)

rio2 (17)

PzAs (14)

so: (u)

61

44

)a

2.0

.7L

.73

1.8

L4

.02

L.4

.32

2.5

2\

15

,7L

.28

.19

.85

??

.004

.86

. 050

.72

IJ

43

24

2.2

.85

.43

2.0

I9

.03

L,2

.50

2.s

11 5.5

56 43

36 27

6.9 L.7

1.3 .61

1.5 .62

4.6 L.6

45 9.8

.06 .02

L,9 I.4
I.4 .20

6.6 2.L

10 (5,262)

4L (5,229)
,? /c ,?a\

\J ) 1- r l

i.s (s,22i)
.75 (5,258)

.34 (5,194)

L.1 (5,229)

13 (5,215)

.02 (5,260)

1.1- (5,203)

.22 (3,389)

L.9 (s,063)
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Table 2Lz.--Arithmetic mean. observed ranse. and seometric mean of concentrations
of 54"xrace elements in 17 bituminous Eoil samfiles from the Blair coal bed,
Southwest Virs.inia. For comparison the arithm-etic and geometri-e means
of channel and drill core sairples of bituminous coal frSm the Appalachian
basin are included. Dashed vb.lues (---) represent less than fiV6 samples; (n)
indicates the number of samples per'element'. [A11 data are in parts-pi:r-million
and are reported on a wholelcoal'basis.]

Blair eoal bed Appalachian basin

Observed ranse
(n) Arith.

mean Min. Max.
Geom.
lltg 4ll

Arith.
lltE 4lt

Geom.
mean 1n\

As
AS

Ba
Be
Bi
Br
Cd

f1

Co
Cr

Cu
Dy
tlr
Eu
F

Hf
He
flo

Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr

bD
Sc
Se
Sm
Sn
Sr

Tb
Th
T1
Tm
U

w

\rb
Zn
Zr

(L7(rl
(17(rl
(17

(L7
(L7(rl'(t
(17
(17
(16
(17

(o
(11
(L7
(1s
(16
(10
(L7
(71
t11.

/2
(17
(17
(17
(tt
(16
(L7
(16
(77
(!r_

(2
(s

(L]
(t7
(L7
(17

(7
t11
(16
t11
(17

(2
(1

(12
(L7
(L4
(fi
(17
(L7
(L7

)

0.04

11
60
1.9

4.6
.09

1/,
JIU

a, /,

/,o
l5

.30
t20

3.2
1.0
L.7

.53

.13
--:t.)
9.2

.11o/,
1.8
r.7
8.0
9.5
?q

:::
l1

.60
2.5
3.9
1.5

.57
86

.15

.22

1:?

L.4
L2

/,o
5.9

7lL

0.016
.93

4.8
IX

.60
;-;t.o

.016
6.0

2L0
1.8
3.0

.078
9.2

.38

.14
20
1.5

.54

.L9

.L4non

. vLv
1q

2.9
3.0

.060
L.4

.66

.30
2.8
4.L

.76--;^

.5Z
8.0

.tB
1.6
1.5

.60

.L2
30

.048

. 080

.46

.95

.08

.19
5.1

.24
2.9

.40
2.4
3.2

0.06
L40

L9
1?n

3.8

11
.30

25
c'l n

9.5
18
L.2

2L
2.2
1.0

.55
610

6.r
2.L
6.4
1.0

.24

.45
L6
2L

.2r
Jb
L2
3.8

l8
20
7.9
.- 
-;

L.Z
15
2.0
4.8
7.2
3.0
1.3

230
.32
.4U

3.6
3.2

.08
3.3

2L
.85

l3
1.5

32
36

0.03
5.2

10
q?

L.6
?R

.06
T2

290
1+ .8
7.9

.38
L4
L.2

.68

.27

1i--
.50

2.4
3.6
1.3

./+2
T'

.13
9a

!_1

1_ .l
11

.+o
5.3
c1

11

0.07
?q
30
90
2.5
1.5

22
.10

2L
780

7.4
18
1.3

t9
J.J
1.5

.44

.24
.). /,

3.0
a. /,

L.7
l.B

24
.94

8.5
1.1

22
z4

0.05
l3
20
63
2.0
1.1

1?
n7

11
LI

tr1n
JLW

5.7
1s

.85
15
2.6
L.2

-1 'l

5.4
L.9
2.5

.15

.61
8.9

r1+
.L4

15
2.3
r.9
9.9

T4
6.2

.!*

3.6
22

.91
3.6
2.8
1.6

.86
79

.19

.29
z.J
2.L

.38
1.3

19
.80

7.2
.92

4
q
q

q

4
4

3
5
5

5

1
5
4
5
1
4
4
5

5

5

5
(+

5
)

L
J
5

5
5

L

5

{+
q

.+

5
J

5

t

t
(

(
(

t

t

t
(
(
(
(
(
(
(
(

(

',L97:l

,07 6)
,134)
,247 )
(108)
,892)
, e78)
,075)
,646)
,2L:7)
,205)
,831)
,239)
(7 se)
,200)
,032)
,960)
oa6 \
77?\

,608)a?, \
,031)
(378)
,L47 )
,243)
aR5\

,260)
RRq \

,00s)
,231)
,240)'l 7?\'(i8i
(e60)
,232)
,003)
,2LB)
,052)nnq\
,352)
,L46)
,369)
,852)
,098)
(382)
(46)

,990)
,241)
,42L)
,234)1(1\

,243)
,238)

77
3.0

.93
1_. 0

.46

.10

6.7
7.6

.11
6.9
1.3
L.4
/.u
8.8
J.J

99
6.6
2.6
4.1

.79

.22

.76
11
22

.L6

z.o
1?.

T7
8.8

.L7
6.I

28
L.4
4.4
3.6
2.0
1- .6

110

11
l3

L.+
L]
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CLINTWOOD MARKER, CLINTWOOD, AND CLINTWOOD RIDER COAL BEDS

The Clintwood coal zone, consisting of the Clintwood Marker, Clintwood, and Clintwood Rider coal beds, occurs in
Buchanan,Dickenson,LeeandWiseCounties.WiseCountyproduced 1.9 of the2.3 milliontons totalproductionin 1989 (Virginia
Division of Mines, 1990). Other names for the Clintwood coal bed include: North Fork coal bed (I-ee County); Noron No. 8 or
Big Dorchester coal bed (Wise County); Matewan or Feds Creek coal bed (Buchanan County). A 10-foot ttrick Clintwood coal
was sampled near the town of Clintwood; this was the thickest coal sampled in this study. Away from the town of Clintwood,
the coal is typically found in benches and splits. Where four splits occur, the uppermost Clintwood Rider coal bed may be the
Addington coal bed.

The elements B, F, Pd, Rb are below the detection limits for ttre Clintwood Marker samples. In addition to the elements below
the detection limits for all the Virginia coal samples, ttre element Tm is below the detection limit for the S9,Clintwood samples.
The elements, Bi, Cl, Dy, Er, Gd, Ho, Nd, Pd, Pr, Sn, Tl, and Tm are below the detection limits for the Clintwood Rider sample.
The descriptive and location information are presented for the Clintwood Marker samples in Table 22aand, Figure 29,for the
Clinnvood samples in Table 23a andFigure 30, and for the Clintwood Rider sample nTable24aand Figure 31. The analytical
results for the Clintwood Marker are displayed in Tables 22b,22r,,and2.%J. The Clintwood analytical results are presented in
Tables 23b,2k,and 23d. The Clintwood Rider analytical data are shown in Tables 24b,24c, and24d.

Geometric means in the Clinnvood coal samples (tables 23e,23f,and 23g) indicated Pp' t}te air-dried loss, and the free-
swelling index are substantially higher ttran those for the samples from the Appalachian basin. Bi, Br, Cs, Sn, and W geometric
means are substantially higher in the Appalachian basin coal samples than in the Clintrvood samples. Pd, with only one unqualified
value, has no means calculated. Because there is only one sample of the Clinnvood Rider coal bed and only two samples for the
Clintwood Marker, the geometric means will not be discussed for these two beds.

Figtre29. Locations for samples from the Ctntwood Marker
coal bed.

Figure 30. locations for samples from the Clintrpood coal
bed.

42.15'W

Figure 31. Location for sample from the Clinrvood
Rider coal bed.
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2',12 VIRGIMA DIVISION OF MINERAL RESOI]RCES

Table 23e.--Arithmetic mean. observed range and geometric mean of proximate and
ultimate analvses. heat 6ontent. forms'-of sullur. and ash-fusioir temperatureultimate analvses. heat content. forrns-of sulfur. and ash-fusion temperatures
for 59 bitumihous'coa1 samples from the Clintr,rood coal bed. Southwest Vireinifor 59 bitumihous coal samoles
For comparison the arithmeticFor compali,son the arithme and- geometric. means of channef *"4 drill coie

the Clintr,rood coal bed. Southwest Vireinia.
samples- of bituminous coal from th6 Appalachian basin are included.

IAI1 values are in percent exceDt Btu/lb. Kcal,/ks. ash-fusion temperatures.and' free-swelling inilex and are ieport'ed on an 'asYieceived basis. 'oF : 9/5 'oC +
KcaL/kg: 0.556 Btu/lb; (n) is-number of samples per parameter.l

Clintwood coal bed Appalaehian basin

Arith.
mean

Observed range

Min. Max.
Arith. Geom.
mean mean

t/n')

Proximate and ultimate analyses

Moisture
Volatile

ur4uuc!
Fixed

carbon
Ash
Hydrogen
C-arboi
Nitrosen
uxYgen
SuIIur

3.s0

32 .45

57 .03
7 .42
s.33

76.44
1.60
B.OB
1. s3

1. 18

22 .60

36. B0
I.25
lAn

/+9 .20
1.10
5.50

.54

L7.74

37 .I0
64.09
36 .60
5.90

83.16
z.J6

26.06
6 .5L

3 .0s

JZ. tO

56.85
5.05
5.32

16 .22
1 .59
7.78
L.24

3.23

32.46

52 .48
11.83
5.02

70.69
1, .39
8.92
2.Ls

/ qo \

(se)

2 .69 (4 ,7 60)

3L.72 (4,7 50)

(se)
(se)
(se)
1sq\
(se)
(se)
(se)

51 .7 6 (4 ,l60)9.83 (4,160)
5 . 00 (4 ,160)

7A .T7 (4 ,7 60)
l-37 (4,751)
8 .22 (4 ,7 56)
1.63 (4,974)

Heat content

KCaL/ks
Bxu/Lb"

7,610
13 ,687

7,030
L2 ,644

4,885
8,786

/ qo\
(5e)

8,228 7 ,586
14 ,7 99 L3 , 64s

6,979 (4,759)
12,553 (4,759)

Forms of sulfur

Sulfate
Drrri ri ^r ) ! r ure

0iganic
0.06

70
0.01

.02

.38

0.42
5.22
L.L7

0.04
r.q

0.08
1.36

.82

0 .04
.65
.70

(sB)
(se)
(5e)

(4,245)
(4,392)
(4, 393 )

Ash-fusion temperature ('C)

Initial
deformation

Sofcening
.F IlrLO

(51) 1,282
(47 ) I ,325(40) L,373

r,049
1,104
L,LBz

1,516
!,2?l

1 ?7L
1,318
1,368

L,246
1,280
T,328

(4,063)
(3,722)
(3,449)

1 tqq
L,287
1,334

Free - swelling
index "(58) 1.75 <n 9.00 7 .42 5.53 4.68 (4,503)

Air - dried
los s (s1) 2.39 L2.58 l. B3 r. B3 1.13 (3,868)
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Table 23f.--Arithmetic mean, obqerved range, qnd-geometric mean of ash

273

content and concentratioris of 11 maiorY and miior-oxides in Che
laboratorv ash of 59 bituminous coal samples from the Clintwoodlaboratorv ash of 59 bituminous coal samples from the Clintwood coal
bed. Southwest Vireinia. For comparison- the arithmetic andst Virs.inia. For comparison- the arithmetic and

ans of"channel and drill core samples of bitumi
bed, Sou
seomecric means of""h"trtt"l and aritt core samples of bitr:minous coal
Ir_om the Appalachian basin are included. (n)- in<licates the number
of samples per oxide.

[A11 sanrples were ashed at 525"C; aII data are in percent']

Clintwood coal bed Appalachian basin

Observed range
Arith

1n) mern Min. Max.\ rrl

Geom.
mean (nt

(Ash)

s i02

A1203

Mgo

Na2O

K20

Fe2O3

Mn0

TLO2

P zos
SO:

(se)

(se)

(se)

(se)

(se)

( 5e)

(se)

(se )

(se)

(se)

(3e)

(56)

7.0

43

26

1.8

.7L

.61

L.6

L]

.03

1.6

.83

2.5

1.3

t8

o.1+

.15

.20

.081

1i

.29

.004

.32

.040

.28

93

39

I2

3.7

1.8

4.2

59

?/,

3.5

4.0

16

6.1
1+2

L,4

.62

.48

1?

L2

.02

r.4
.44

2.4

13

43

24

2.2

.85

.l+3

2.0

T9

.03

L.2

.50

2.5

10 (5,262)

4L (5,229)

23 (5,229)

1.5 (5,227)

.15 (s,2sB)

.34 (5,194)

L.l (5 ,229)

13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

L.9 (5,063)
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Table ??g,- -Arithmetic mean, observed range. and seometricor )4 trace elements in 59 bitumi norrs Eorl e:mX"l eq frnmbituminous Eoal sam5les fromSouthwest Virginia. For compariJo' ln.-"iitniii6lic andcnanner and clrrrl core sampres of bituminous coal fromare. included. Dashed valubs ( - - - ) represent less thanindicates the number of sampl.is p6r-el;^;;t. iIIr a"t.and are reported on a whole'-coal'ba"i;.i-----

mean of concentrations
the Clintwood coal bed.geometric means of

Ehe Appalachian basin
five 3amples; (n)
are in pbrts ipeirlmillion

Clintwood coal bed Appalachian basin

i'n \

Observed range

Min. Max.
Arith.
mean

Geom.
mean (n)

Arith.
mean

NH

B
Ba
Be
ul
Br
Cd

CI
Co
Cr

Cu
UY
r,r
Eu
F

Hf
He
Ito

Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
5b
Sc
Se
Sm
Sn
Sr
ad

Tb
Th
al

Tm
U
V
IJ

Y
Yb
Zn
Zx

(s8)
(5e )
(se)
(se)
(se)
(3)

(s9)
(sg)
(s9)
(++\
(se)
(se)
(s8)
(se)
(12)
(2s)
(se)
( s1)
(ss)
( 21)
(s7)
(sB)
(42)
(10)
(5e)
(se)
(se)
(5e)
( 54)
(se)
( s4)
(se)
(se)
(1)

{2r)(20)
(s6)
(5e)
(5e)
(se)
(42)
(se)
( s4)
(sa)
(se)
(10)

(;;t
(5e)
(s4)
(5e)
(se)
(se)
(se)

LVqln
5.7

15

l3
350

6.2a/,
.32

15
430

11

0.04
20
L2

1.8
--.b.r
.06

0.019
.60

2.6
lb

.35

1.3
. 007

",,
L2A

1.8
2.2

.062
2.7

.58

.10
20

.73

.33

.15
"11
. 010
.16

1.6
1.7

.038
1.1

.35

.25
L.7
)q

.88

.05

.49
4.0

.086

.59
qn

.37

.059
20

.040

. 066

.29

.o/
-.it

2.2
.12

1.8
.25

L.9
1.8

0.11
180
42

210
5.4

.88
.> -7

ac. LJ
60

1,700
2L
42

3.1
44

8.0
L,9

.99
BBO

13

13
2.0

.85
33
75

0.04
8.6

11
59
1.6

4.8
.04

n n-7

35
?n
on

?q

)i
1n.rv

,1
780

7.4
lit

ta

.44

0"0s
13
20
bJ)n
1.1

TJ
.07

]

l

]

J

l

J

:J

l
l
]
)
)

J

)
)

l
J

]

l
]

l
]

i
J

,565
1q7

,47 6
, 134
,247
( 108
Rqz

, 075
,646
tlL/

,205
x<l

t?o
'7qa
200
032
860
046
773
608
932
031

:378
r47
) /,7.

BB5
260
889
005
23r
24A
L72
(18
960
232'
003
2L8'
052'
00s'
352'
L46^
JOy
R5r'
oq R'
382"
(46',
0 eo'
24L"
/,41,
,a/,,
I) I,
243"
238 l

o
9
7
3
4
0

ll

i/

l:
U/
1:
t4
1C
Rq
ol
al
64
27
2C
B3
ZJ
75
2A
03
86
04
77
60
93
o1
3l
T4

BB
1A

88
00
23

(IL(\
lq

{\\r t/

t
I4);,(4,
(s,(?
(2,
(4,

(

{b

{1
(tL\',
{f!

(
(5.
() 

'(4,

(4.

(4,(\
(\

,^ ('
\L,,
(5, (

(q'
(5, (

(5, (

(2,',.

\4,.
(4,1(\ (

(:

(5.t
\t+ ' 

(
f c I

(5,1
(5,t

.+o
16
3.0
1"0

.31
110

3.7
1.5
2.4

.54

.L4

.46
R1

11
.12

1s
1.5on
9.L

l4
4.1
;':.+.f

16
.78

2.8
2.9
1.5

an
110

.18

2.L
r.2
r.2

15
.46

6.1
.80

I4
2.2

.92

.28
b6
3.2
1.2
1.3

.46

.10

.42
7.0
7.9

.11
8.1
1.4
1A
7.7

1a
LL

3.9
;';

L2
.54

2.5
2.6

.68
86

L5
2A
1,)

1s0

7.8
?q
13

.05
10
76
5.9
9.s
8.0
5.4
3.2

440
.82
.32

8.5
2.0

99 716.6 5.42.6 1.9
l-.+./ l.)
.79 .62.22 .1s.76 .6111 8.9

4dZZ L+
.16

31

2.6
13
T7

B.B
.L7

6.L
2B
L.4
4.4
3.6tn
1.6

110 ,/,

a/,
I,71a

24

.14
15
z.J
L.9
9.9

L4
6.2

"L4
aa

q1

2.B
1.6

.86
70

.19

.29

2.L
.38

t9
.80

1.2
.92

.15

.2L
1.8
1)

;-;
T2

1'1

15

3.7
85
I.7

2B
z.z

49
95

.44
5.4

7.8
L2

8.5
1.1

22
24

L4
1-7
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ADDINGTON COAL BED

Cropping out in Wise and Dickenson Counties, the Addington coal bed is the uppermost identifiable coal bed in the Blair-
to- Clinnpood package. Total tnnnages mined from the Addington coal bed are included with the Clintwood production figures
(VirginiaDivisionof Mines, 1990). TheAddingtoncoalbedisabout60-feetabove the upperClintwoodcoalbedandimmediately
above a sandstone bed which may be from 5- to 45-feet thick and below a distinctive siltstone unit which is about 150-feet thick.
Thickness of the Addington may be up to l7-inches but the coal bed gpdes laterally to hard, black shale up to l2-inches thick
(Diffenbach, 1988, Whitlock and others, 1988, and Nolde and others, 1988a & b). At the sampling location in the Flat Gap
quadrangle (Figure 32), the fifteen inches of Addington coal bed displayed a well-developed medium cleat, moderate amounts
of thin- to medium-banding, with limonite and pyrite on bedding surfaces.

There are only two Addington samples, therefore the geometric means will not be discussed. The depcriptive and location
data can be found in Table 25a, the analytical results in Tables 25b,25c, and 25d. Statistical summaries are not included because

tlere are less than five samples. In addition to ttre 8 elements below the detection limit for all375 Southwest Virginia samples,
the following elements were also found to be below the detection limits for these samples: Bi, Dy, Er, Ho, Pd, h, Tl, and Tm.

Figure 32. Lrc,ations for samples from the Addington coal bed.
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IMBODEN MARKER, IMBODEN, AND CAMPBELL CREEK COAL BEDS

The Imboden coal bed crops out in Buchanan, Dickenson, Lee, and Wise Counties. Production in 1989 was 0.6 million tons,
mainly from Wise County (Virginia Division of Mines, 1990). Other names for the Imboden include: the No. 1 coal bed (Lee

County); Upper Bolling coal bed (Wise County); and the Campbell Creek coal bed (Buchanan County). The Imboden has five
splits in the Norton area but elsewhere it is found as one bed with two or three shale paaings. Bone coal and rashy coal can occur
as parting material. Cannel coal occurs at the top one-inch of the bed at one sample location. Sampled thiclnesses ueZ.I to 6.4
feet. The coal typically has a well-developed medium cleat with moderate amounts of medium and thin banding. Pyrite occurs

as nodules and as a film on cleat surfaces.
The descriptive and location information for the Imboden Marker coal bed is available in Figure 33 and Table26a and the

analytical results are available in Tables 26b,2&,,and2ffi. For the Imboden coal bed,location and descriptive information are

inFigure 34 and,Table2Ta and the analytical results are available in Tables 27b, 27c,and27d. As, Br, Cl, Ge, Mo, Sb, Sn, Y, Zn,
sulfur, sulfate, and pyritic sulfur geometric means (tablesTT e,27 f, and 27g) are substantially lower in *re lmboden coal samples

than in the Appalachian basin coal samples. The free-swelling index geometric means are substantially lower in the Appalachian
basin sarnples than in the Imboden coal samples. In addition to Au" In, k, Os, Pt, Re, Rh, and Ru, the I elements found below
their detection limits fortherest of the SouthwestVirginia samples, Bi, Ho, Pd" and Tm are found to bebelow the detection limits
for the 15 Imboden'samples; Bi, Dy, Er, Ho, Pd, Rb, Tl, and Tm for ttre 4 Imboden Marker samples; and Bi, Ho, Pd, Pr, T1, and
Tm for the 2 Campbell Creek samples. The geometric means will not be discussed for the two Campbell Creek samples and the
4 Imboden Marker samples due to lack of data. Figure 35 and Table 28a contains rhe descriptive and location information for the
Campbell Creek samples, Tables 28b,28c, and 28d contain the analytical results.

Figure 33. Locations for samples from the Imboden Marker
coal bed.

Figure 34. locations for samples from the Imboden coal bed.

Figure 35. Locations for samples from the Campbell Creek
coal bed.
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Table 2le.--Arictrmetic mean, observed range and geometric mean of proximate and
ultimate analyses. heat content. forms"of sullur. and ash-fusioir temperatures
for 15 bitumiirous coal samples from the Imboden 6.oal bed, Southwest Virginia"
For comparison the arithmetic and geornetric means of channel and drill dore
samples of bituminous coal from th6 Appalachian basi-n are ineluded.

fAll values are in percent exceDt Btu/lb. KcaL/ke. ash-fusion temperatures.and- €-^ 1r "-- inilex and are Leporr'ed 6n an 'asYieceived basis. ' oF : 9/5'"C + 32r!YE _ >WgIIrIlH

Kcal/kg: 0.556 Bxu/Lb; (n) is^number of samples per parameter.]

Irnboden coal bed Appalachian basin

Arith.
mean

Observed range

Min. Max.
Geom.
mean

.Arith.
mean

Geom.
IILE dII

(n\

Proximate and ultimate analyses

Moisture
Volatile

lltdLLgr

Fixed
carbon

Ash
lydrogenuarDon
Nitrosen
oxYeeil
SULItrT

2 .44

33 .64

L.21

28.00

47.90
3 .00
4 .59

64. 00
1.20
O. JI

.52

4.24

37.62

59 .33
L9 .90

s .70
8l-.42
I .62

LL.2A
2.49

2 .27

55.55
7 .20
5.20

75.87
T.41
8.08

.79

32.46

52.48
11. B3
5.02

70.69
1.39
8.92
2.rs

2 .69

3L.72

(4 ,7 60)

(4 ,7 6A)

(1s)

(1s)

(ls) s5.6s(15) 8.27(15) 5.27(15) 76.02(15) 1.41(1s) LL7(15) . 87

51.
Y.
5

70.
1.
8.
I.

76
83
00
L7

LL
bJ

(4 ,7 60)
(4,760)
(4 ,t 60)
(4 ,7 60)
(4,7s7)
(4 ,7 56)
(1+ ,97 4)

Heat content

6,979 (4,759)
12 ,5s3 (4 ,1s9)

l
L2

, 030
,644

I ,556 6,308
13,591 IL,346

B ,070 7 ,54414,515 13,551
KCal/kg (15)
Btu/lb- (15)

Forms of sulfur

0 .08 0 .04 (4 ,245)1.36 .6s (4.392)
.82 .t0 (4,3e3)

Sulfate
r yrrLru
Organic

0.01
n?

.35

0.02
.18
.53

0.07
1.39
1.03

(15) 0.02(r5) .30(15) .ss

Ash-fusion temperature ("C)

(4,063)
(3,722)
(3,449)

L,349
1 ?O?
i',4i6

255
287
334

L,246
L,2BO
L,328

1,
],!,

s27
52L

(r2) 1,354 1,093 t,(B) L,3ee 1,110 1,(6) L,/-+38 1,310 f;

Initial
deformafion

Softenine
,t lu1cl

Free - swelling
index (I5) 7. 83 9 .00 I .11 5.53 4.68 (4,603)

Air - dried
los s (1s) 1.08 0.18 2 .80 B2 1.83 1.13 (3,868)
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Table 2lf.- -Arithmetic mean, observed range, and geornetric mean of ash
content and concentrations of ll maiorl and miior-oxides in the
laboratory ash of 15 biruminous coal samples from the Imboden coal
bed, Southwest Virginia. For comparison^ the arithmeric and
geometric means of"channel and drill core samples of bituminous coal
from the Appalachian basin are included. Dashed values (---)^^--'r'^-- ri.,-- €i.,^ ----'la-. /^\ i-,ii.^.res the nrrmbef oirEprc>ErLu rcss - Lrldtr I LVc sdrtrpreS, \ill IttLrIca1L
samples per oxlde.

[A11 samples were ashed ax 525"C; all data are in percent.]

Imboden coal lred Appalachian basin

299

Observell--rcap
Arith

(n) mean Min. Max.
Geom
mean

Arith
mean

Geom.
mean /n\

(Ash) ( 1s )

sio2 (1s)

Al2o3 (1s)

Cao (15)

Mso (1s)

Na2o (1s)

K2a (1s)

Fe2O3 (15)

MnO (r5)
TLo2 (15)

Pzos (3)

Sol (1s)

8.0

48

29

L,4

r.2
.42

2.7

I-L

.04

I.4

2.r

.60

.45

.15

.85

3.4

.004

1n

.88

?.n

2L

,) '1.

67

36

3.9

2.5

.94

4.L
?1,

.25

2.0

1.0

7.4

7.

48

)a

1.

1.

a

9.0

.z

.8s
/,').

L.2

.50

2.5

13

43

24

2

10 (5,262)

4r (5,229)

23 (5,229)

1.5 (5 ,227)
.75 (5,258)

.34 (5,194)

L.7 (5 ,229)
13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

1.9 (5,063)

'l

36

q

I9

.vL

T,4

1.8
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Table 21p..- -Arichmetic mean. observed ranse. and geometric
of 54*t-r:ace elements in L5 bituminous Eoal samiles from
Southwest Virginia. For comparison the arithmatic and
channel arrd diill core samDlbs of bituminous coal from
are included. Dashed valubs (---) represent less than
indicates the number of samples per element. [All data
and are reported on a wholelcoal'basis. ]

mean of concencrations
the Imboden coal bed,

geometric means of
Ehe Appalachian basin
five. lbmples; (n)
are tn Darcs-per-mlllton

Imboden coal bed Appalachian basin

Arith.
mean

Geom.
mean

Arith.
mean (n)(n)

Observed range

Min. Max.

As__D

D
Ba
Be
Bi
Br
UO

CI
Co
Cr

Cu
Dy
I,r
Eu
F

rrcnt
He
no

Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
Sb

Se
Sm
Sn
Sr

Tb
Th
T1
Tm
U
V
I,J

Y
Yb
Zn
LT

(

(
(

L2)
ls)
ls)
ls)
1:l
15)
ls)
ls)
1s)
ls)
ls)
ls)
ls)
(1)
(3)
ls)
14)
ls)
(3)rl)
1s)
1:i
1s)
1s)
1s)
1s)
ls)
rs)
ls)
1s)

T)
(r)
(e)
L4)
1s)
1s)
ls)
L2)
ls)
14)
ls)
ls)
(1)

i;i
1s)
13)
15)
1s)
1s)
15)

0.04
9.0

L7
77

t-.o

,;
.05

1.1
L.6
6.6
7 .9
3.6

15
2ra

4.5
ll
1.1

,?__

--;-
.LT

73

-.e:
.53
.L6

7.1
11

.10

^a_ 
- -

LL
.49

2.6
3.4
L.2

.37
110

.16

.L7on

--:
7\

L4
.46

3.9
.66

5.4
13

.38

1.0
. 01s

7.0
100

1.6
5.3

.10
8.0
2.8

.66

.15
10
r.7

.99

.15

.20

.034

4.0
5.2

. 060
2.5

.22
?q

3.4
5.1
2.0

B.1
8.0

.20
L.4
L.l

.60

.11
/+0

. 060

. 070

.90
2.8

.32
6.8

.30
1.3

.44
1.6
2.5

4.24

31
160

4.7

9.1
.13

?2
570

15
30

2A
2.8
1.0

.47
360

6.8
2.8
L.4
L.4

.4lo

r;- 
-

22
,27

440
L.9
4.3

LZ
11

A ').

0.03
4.7

16
t0
L.2

2.0

I4
190

4.0
10

.13
t?__

- -;.
44

3.1

.70

.47

.12

7.L
10

1n.lv

iB--
.43

2.1+

L.2
.29

97
.13
.15

i_9

.69
l3

.4L

.63
4.2

10

.u/
1-7

s10

15
"85

15
2.6
L.2

.37

0.07 0.0535 1330 2090 632.5 2.01.5 1.122 13

0.012
1.0
8.1

J4

4
5
tr
J
q

5

4
4
5

5
5
4
5

1
5

4
5
1
4
4
q

5
trJ

4
5
4
5
4
q

5

z
q

5
q

J

tr)
4
4
5

4
5
4
5

;t
J

5

t

t
(

t

t

t

t
(
(
(
(
(

I
(

I

i
(
(
(
(
(

(
(
(

re7 )
07 6)
134 )
241 )
108 )
8e2)
91 8)
07s)
546)
2L7 )
20s )
8 31)
239)
t 59)
200 )
032)
860 )
046 )
773)
608 )
e32)
031 )
378)
L47 )
243)
RR5')
260 )aRo\
00s )
23r)
240)
L7 2)
(18)
o6,n\
232)
003 )
2T8)
0s2)

3s2)
'l 46)
?AO\
act\
098)
382)
(46)qqn\
2L1\
4zL)
?1/.)
1s1 )
243)
238)

.10
2I

780
.7 .4
18
1.3

I9

1.5
.44

99
6.6

4.1
?o
))

. to
11
92

.r6

.24

.34
3.0
3.4
L,7
1.8

24
.94

8.5
1.1

22
24

,L4
l5
2.3
L.9
9.9

L4
6.2

.L4
3.6

22
.91

3.6
2.8
1.6

.86
79

.L9

.29
2.3
2.1

.38
I.J

L9
.80

7.2
.92

7I
5.4
1.9
2.5

.t5
A1

8.9
L4

; -.-

6L
1.5
5.1
5.6
2.3
L.2

2L0
.31
?t

4,4oo

31
3.7
)A

13
L7

B.B
,L7

a1

28
L.4
4.4
3.6
2.4
r.6

110

L2
1.0
t{

5.9-7 1

3.4

L.4
29

1 .40
7.L
1.3

23
3B

L4
L7
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KELLY COAL BED

This coal occurs in Dickenson, Lee, and Wise Counties. In Dickenson county it may be confused with the Pinhook coal bed.

Production in 1989 was 1.2 million tons, all fromWiseCounty (VirginiaDivision ofMines, 1990). Sampled thicknessranges from

3 .4 to 4.7 feet. The Kelly has a moderately-developed medium cleat with moderat€ amounts of thin and medium banding. Pyrite

occurs along bedding and as a film on some cleat surfaces.
Bi, Dy, Er, Ho, Pd, Pr, and Tm as well as Au, In, Ir, Os, Pt, Re, Rh, and Ru are found to be below the detection limits for the

5 Kelly samples. The geometric means for I!O, MnO, Ba, Co, Se, Sr, and air-dried loss are substantially higher in the Kelly coal

bed samples than in the Appalachian basin samples. As, Br, Mo, sulfur, sulfate, and pyritic sulfur geometric means are substan-

tially higher for the Appalachian basin coal samples than for the Kelly samples (Figure 36). The analytical data are available in

Tables 29b,29c,and29d.The statistical summaries can be found in Tables 29e ,29f, and2gg.Table29apresents the descriptive

and location information for the samples.

Figure 36. Locations for samples from the Kelly coal bed.
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Table 29e.--Arithmetic mean. observed range and geometric mean of proximaLe and
ultimate analyses. heat 6ontent. forms"of sulfur, and ash-fusion temperaiures
for 5 bitumin"ous coal samples fiom the Kellv coal bed, Southwest Virginia. For
comparison the arithmetic'and geometrie meairs of channel and drill core samples
of bituminous coal from the Aplalachian basin are included.

[A11 values are in percent
Kcal/ke : 0.556 Btu/lb:(n) is"number of sainptes

except Bcu/lb, KcaL/kg, ash-fusion tgmpelatures,and
dash^ed values'(---)'rEpresent less than five samples;
per parameter. I

Kelly coal bed Appalachian basin

Arith.
mean

Observed range

Min. Max.
Arith. Geom,
mean mean

(n)

Proximate and ultimate analYses

Moisture
Volatile

matter
Fixed

carbon
Ash
Hydrogen
C-arboi
Nitrosen
oxygefi
Sulfur

(s)
(s)
(5)
(5)
(s)
(s)
(5)
(s)
/q\

3 .40

32.98

50.98
L2 .65
5.22

1I .57
1.30
8. s3

.lJ

2 .40

28.70

44.70
8.10
4.60

61. B0
L.20
t .20

.50

4.49

39.50

53.88
23.70

6 .00
77 .00
1.40
9 .60

3.32

32.79

50. B5
11.65

5.20
7L.38
1.30
8.49

3.23 2.69

32.46 31.72

52.48 5L.76
11.83 9. 83

5 .02 5 .00
10.69 VO.LI
L.39 L.37
8.92 8.22
1- Li r, bJ

(4 ,7 60)

(4 ,160)
(4 ,7 60)
(4 ,160)
(/+ ,160)
(4 ,7 60)
(4,757)
(4 ,7 56)
(4 ,97 4)

Heat content

(5) 7,L35(s) 12,833
KCal/ke
R.t' ' /'l l'"

6,L25
l1 , 016

1 .8L6 7 ,Ll3
14;058 12,193

7 ,030 6 ,9-19L2,644 L2,553
(4 ,159)
(4 ,7 59)

Forms of sulfur

Sulfate
Prrri f i n

Organic

(4)
(4)
(4)

0.01
.06
.45

0.04

.b4

0 .08
L.36

.82

0.04 (4,2/+5)
.65 (4,392)
.10 (4,393)

Ash-fusion temperature ('C)

Initial
deformation (2)

Softening
-F IULO

L,?n_o- r,:i9 -l ,i5
i"ryi
L,334

L,246
t,280
L,328

(4,063)
(3 ,122)
(3,449)

Free - swelling
index " (5) 4. B0 1.00 B .00 3 .66 s.53 4.68 (4,603)

Air - dried
los s (s) 2.0r 0. 90 3.45 1.81 1.83 1.13 (3,868)
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Table 29f.- -Arithmetic mean, observed range. and geometric mean of ash
content and concentrations of 11 maiorl and mifror-oxides in the
laboratory ash of 5 bituminous coal- samDles from the Kelly coal
bed, Southwest Virginia. For comparisoh the arithmetic aird
seometric means of"channel and drill core samples of bituminous coal
from the Appalachian basin are included. (n)- indicates the number
of samples per oxide.

[All samples were ashed ax 525"C; all data are in percent.]
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Kelly coal bed Appalachian basin

Observed range
Arith

(n) mean Min. Max.
Geom.
mean

Arith.
meaR

Geom.
IITE dI I fn)

(Ash) (s)

sio2 (s)

A1203 (s)

CaO (s)

I{g0 (s)

Na2o (5)

K2o (s)

Fe203 (5)

MnO (5)

ri.o2 (s)

P2oS (s)

so: (s)

11
IL

44

ta

2.2

.89
qn

2.9

L2

n2

1.3

.62

3.1

6.4

2l
1R

.56

.81

.40

1.8

2.6

. 011

.B2

.060

.72

22 9.9
qq /,n
J J *L

33 27

3.8 1.8

1.0 . 88

.81 .48

4.6 2.7

37 7.6

.07 .03

1.5 1.3

2.2 .2L

5.4 2.4

13

43

24

z.L

.85

,n
19

.03

L.2

.50

2.5

10 (5,262)

4L (5,229)

23 (5,229)

1.5 (5,227)

.75 (5,258)

.34 (5,194)

1.7 (5 ,229)
13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

L.9 (5,063)
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Table 292. - -Arithmetic
of 54-xrace elements
Southwest Vireinia..
of channel and drill
basin are included.
indicates the number
and are reported on
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mean, observed range, and geometric mean of concentrationsin 5 bituminous cdal sampfes from the Kelly coal bed,
For comparison the arithmetic and geometri-c meanscore samples of bituminous coal frdm the Appalachian
Dashed vb.lues ( - - - ) represent less than fivb samples: (n)
of- samples per element-. [A11 data are in parts-pbr-milii6n

a whole-coal^ basis. I

Ke11y coal bed Appalachian basin

\ r r.,,

Observed ranse

Min. Max.
Arith.
mean

Geom.
mean t'n \

Arith.
mean

As
AS
B
Ba
Be
Bi
Br
Cd

C1
Co
Cr
Cs
Cu
Dy
trr
Eu
F

Hf
He
fto

Li
Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr
Ld

Tb
Th
T1
Tm
U
V
I^I

Y
Yb
Zn
Zr

(s)
(5)
(s)
(s)
(s)
(s)
(s)
(5)
(r)
(s)
(s)
(5)
(s)

0 .08a. /,

I9
160

r.6
J.I

.12
24

10
L9
1.1

,!_-
-- -.+l

130

2l
.89

:_:
13
19

.15
14
1.0

1i--

l.i

4.026
.Y)

T2
96

.19

.72

.42l-

0.24-76
28

190
J.J

L.i
.27

Jf)
280

15

on
t!__
--..
.o)

300
T2
1.8
7.0
L.4

.28

0. 06
2.5

1B
1s0

!.*

;-;z.o
.09

9?

:-;
t6

OA
,,)

---
aa

::_

-:?4

0.07
J)
?n
90
2.5
1.5

zl
.10

2L
780

7.4
18
1.3

I9.J.J

1.5
.44

99
6.6
2.6
4.7

.79

.22

.76

.24

.34
2n
3.4
t.7
1.8

24

0 .0s
1?
20
63
2.0
1.1

13
.07

L]
510

5.7
15

.85
15
2.6
1',)

.37
7L

1.9
2.5

.62

.15

.6L
8.9

L4
.14

15
2.3
L.9
9.9

L4
6.2

.14
3.6

1B
280

4.8
11

.55
L4

(4 ,565(5,L97
(5,076
(s,134
(5,247

( 108
(4,892
(4,e7B
(s,07s
(3 ,646
(5,2L7
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(4,831
(\ )14

(1q,o
(1,200
(5.032
(4; 860
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(4, 608
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(5,031
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4.8
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I
4
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13
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.17
6.r

2B
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4.4
3.6
2.0
1.6

110

q

.24 .L4
20

.98
L,2

11
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.91
3.6
2.8
1.6

.86

;-;4/

4.8
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L4
.58

z.J
3.6
1.8
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.17

.22
1.8
1.0
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.90

7.4

J.J
1.9
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.40

6.8
1.0
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UPPER ST. CI{ARLES COAL BED

The Upper St. Charles coal bed occurs in Lee and Wise Counties and about 4,000 tons were produced from Lre County in
1987 (Virginia Division of Mines, 1988). One sample was collected from a distorted coal bed 2.7 feet ttrick.

The elements Bi, Dy, Gd, Hg, Ho, P, Pd, Pr, Tl, and Tm are found to below ttreir detection limits for this coal bed (in addi-
tion to the 8 elements found to be below their detection limits for the remaining Virginia samples) . There is only one sample (Figure
37), therefore the geometric means are not meaningful. Table 30a presents the location and descriptive data for the Upper St.
Charles sample, and Tables 30b, 30c, and 30d present the analytical data for this sample.

313

Figure 37. Location for sample from ttre Upper St. Charles coal bed.
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WILSONCOALBED

The Wilson coal bed is found in Lee and Wise Counties and is also called the Upper Srandiford, No. 4, Jackrock, or Mason
coal bed. The Wilson may be correlative with the Harlan coal bed of Harlan County, Kentucky. A sampled interval from ttre Flat
Gap area of Wise County has a thickness of 3.4 feet @-8207, Figure 38). This sample of the Wilson is characterized by a well-
developed medium cleat with moderate amounts of thin banding and spane amounts of medium banding. Where sampled, there
are two partings, the upper being four inches of shale; the lower, one inch ofrashy coal.

Five samples of the Wilson coal bed were analyzed. Table 31a shows ttre location and descriptive information for these
samples. The analytical results are presented in Tables 31b, 31c, and 31d. Bi, Dy, Er, Ho, Pd, Pr, Tl, and Tm, in addition to the
eight elements below the detection limis for all *re Virginia samples discussed in this paper, are found to be below the detection
limits. The geometric means (Tables 31e,3lf, and 3lgpresentthe satistical summaries forthese samples) forPp' Ba, Gd,Nb,
Sr, and sulfate are substantially higher for the Wilson coal samples than for the samples from the Appalachian basin . The geome8ic
means for MnO, Br, Mo, and Sb are substantially lower for ttre Wilson than ttre Appalachian coal samples.

3r7

Figure 38. Locations for samples from the Wilson coal bed.
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322 VIRGINIA DIVISION OF MINERAL RESOURCES

Table 3le.--Arithmetic mean. observed ranse and qeometric mean of proximate and
ultimate analyses, heat 6ontent, forms"of sulEur, and ash-fusioir temperatures
for 5 bituminilus coal samoles from the Wilson coal bed. Southwest Virginia.
For comparison the arithmbtic and geometric means of channel and drill core
samples'of bituminous coal from thE Appalachian basin are included.

lA11 values are in percent exceDt Btu/lb. KcaL/ke. ash-fusion temperatures,and' Kcal/kg : .0.556 ^Btu/lb; dash'ed values' (; - - )' rEpresent less than f ive samples;
(n) is-number of samples per parameter.]

Wilson coal bed Appalachian basin

Arith.
mean

Observed* range

Min. Max.
Arith. Geom.
mean mean

t'n )

Proximate and ultimate analyses

I,Io i s ture
Volatile

mafcer
Fixed

carbon
Ash
Hydrogen
C-arboi
Nitrogen
SulIur

(s)

(s)
4 .69

38.6s

58.2L
11 .00
5.4L

78.90
].40

10.78
4.07

2 .64

3s.46

3.23

32 .46

52 .48
11. B3
5.02

t0.69
L.39
8.92
2.L5

2.87 1.70

35 .54 33.40

52.52 46.98
9 " 0B 6.31
5.28 5.L4

13.90 69.09
L.37 1 . 35
8.19 6.80
2.L6 . B0

2 .69 (4 ,7 6A)

3L .7 2 (4 ,l 60)

52.31
8.93
5 .28

73.82
I.37
8.07
T.7L

(5)
(s)
(s)
(s)
(s)
(s)
(s)

51.7 6 (4 ,160)9.83 (4,160)
s . 00 (/+ ,160)

7A .I7 (t+ ,7 60)
I .37 (t+ ,7 51)
B .22 (4 ,156)f.63 (/+,974)

Heat content

7 ,372
13,258

KCaL/ks
Rt-rr /'l lr-

/q\
(s)

6,997
L2,sB5

7 .798 7 .366
T4',A26 13,21+9

7,030 6 ,9'/912.644 L2,553
(4 ,159)
(1+ ,l59)

Forms of sulfur

Sulfate
!jL!Lre

Organic

0.18
.86

L.12

0.01
.16
.64

0 .49
2.44
1.84

0.09
.50

L.02

0.08
1.36

.82

0 .04
.65
.70

(s)
(s)
(s)

(4.245)
(4,392)
(4,393)

^ ^1^ f,,^n)Il- lu5 Ivlt LglllpYr@Lu!s \ v./

Inirial
deformation

Softenins
I IUIO

1 tqq
L,281
L,334

(3)
(s)
(3)

1,082
1, OBB
1,143

L,4L6
1,438
T,477

L,246
1,280
L,328

(4, 063 )
(3 ,7 22)
(3,449)

Free- swelling
index (5) 6.30 3. s0 8.00 5.90 /+ .68 (4 , 603 )

Air - dried
los s /5\ 1. s0 4.47 3.22 L.L] l. 83 1.13 (3,868)
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Table 3lf.--Arithmetic mean, observed range, and geometric mean of ash
content and concentrations of 11 maiorY and miilor-oxides in the
laboratory ash of 5 bituminous coal- samples from the Wilson coal
bed, Southwest Virginia. For comparisoir the arithmetic and
geometric means of-channel and drill core samples of bituminous
doal from the Appalachian basin are included.- Dashed values (---)
represent less.than five samples; (n) indicates t:he number of
samples per oxrde.

[A11 samples were ashed ax 525'C; all data are in percent.]

323

Wilson coal bed Appalachian basin

Observed range
Arith

/n) meen Min. Max.\^./
Geom
mean

Arith.
lltg dr r

Geom.
mean t'n')

(Ash) ( s )

sio2 (s)

A1203 (s)

Cao (5)

MsO (s)

Na2o (5)

Kzo (s)

Fe2o3 (s)

Mno (s)

rio2 (s)

P2oS (3)

so: (s)

11

46

26

I

6.5
an

2A

L6 10

57 45

29 25

3.0 1

1.3

.12

3.9 2

36 13

.02

1.6 1

L.J

3.2 1

13

/,1

L+

L

10 (5,262)

4I (5 ,229)

23 (5,229)

1.5 (5,221)

.7 5 (5 ,258)

.34 (5,L94)

L.7 (5 ,229)
13 (5,2r5)

.02 (5,260)

1. 1 (5 ,203)
.22 (3,389)

7.9 (5,063)

L

L9

2

18

01

q

,90

.tJ

. t+5

.10

.L9

.85

4.8

. 010

.66

.88

.1

.88

"40

.0

o
.L

.85

.43

.0

.01

1.3

L.Y

.03

I.2

2.5
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Table 31g.--Arithmetie mean, .observed. ranger and geometric mean of concentrationsof 54*trace elements in 6 uit.urnous coal ""*p?JJ*iiSi"tiiJ*witson co:t hcri
vvalust!utaLi

:L, l*_I::.,?, : l?T?lrs in 6 u i rumino,_,; -;3;i ;;p ?; ;*f i"i- ciiJ*wii;.;- ;;;i "b;;;
Southwest-Virginia-- ror conpaii"""-rnJ*;ri;iffi;;ic-ina e;-"rr.iii. meansof ctrannel and dril1 coi" 

"rfi.r'l "" .,f r-'i ti'-i-^ili -.^ot €rx- tr-,^ annor -^1-of ctrannel and drill core s"firpi"i-lir-6iruii"l,ir"-;;.l"fr3;"il;'A;p"r"t[i""basin are includeg. l"ii'.a-'!r"u' (-:t) tati;;.;;-i";;"iiiii"ri55'ifi;i#; (n)indicates Lhe number of. s?mplei per' erefienii - ieit -a"t""";;*i;-;*rr" -p". -millicll$':?:"i.;::.:H*3i'""ft,3t3tl:;to;5,?l:T""'' rA11 data are in paiti:lj6i:*irii6"a whole-coal^ basis. I

Wilson coal bed Appalachian basin

Arith.
mean

Observed range

Min. Max.
Geom.
mean

Arith.
mean

Geom.
mean /n\

AS
It

Be
Bi
Br
Cd

CI
Co
Cr
Cs
Cu
n.,
LT
Eu
F

11A

Ttc
NI
Hrr
:;ono

l-l

Lu
l'ln
t'to
Nb
Nd
Ni
Pb
Pd
Pr
Rb
JD
Sc
Se
Sm
Sn
Sr

Tb
Th
T1
Tm
U
V
I,.I

Y
Yb
Zn
Zr

.79

.87

.019

0. 07

?n
90
2.5
1.5

22
.10

(5)
/ 5\
(s)
(s)
I:]
(s)
(s)
(s)
(2)
(s)
(s)
(5)
(s)

0.0s
I2
LJ

110
r.7
3.8

.05
L7

'). /,

L4
T,2.:_

0 .026
J.t

10
64

0 .08

37
140

3.0

9.0
.10

460
5.6

20
z.o

19

0.04
9.4

2L
100

1.5

2.5
.05

I6

3.2
l4

.79
,!__

0. 0s
IJ
20
63
to
1.1

13
.07

T7
s10

5.7
15

.85
15
2.6
L.2

.37
7L

q, /,

L.v
2.5

.oz

.15

.6L
8.9

L4
.L4

15
t '),

t.9
9.9

t4
o.L

.L4
3.6

22

.80
7.2

.92

(4,
(s,
(5,
(5,
(s,

(
(4,
(4,
(s,

(s,
(s,
(4.
(),

(
(1,(\
\4,
/1

\4,
(4 

'(s,
(

(s,
(+.
(),
(4.
(),
(4,
(s,
|, tr,

(2 )(s,
(s,
(s,
(5,
(2,
(),
\+,(4,,
(5,,

(

(4,'
(5,:
(4 ,,(s,:
(5,.
(s,:
(s,:

5Aq
1q7

,07 612/,

,247
( 108co,
q7R

,9t2
, o40
,2L7?nq
,831

'.7 59
,200
032
860
046
773
608
932
n?1

"37 

8
I/17
243
885
260
BB9
005
23L
240
T72'
( 1R'
960
z5z
003'
2\8,
052'
UU)
352'
L46'.
lAq'
852',
09 B.
382"
(46"
990"
24L'
t, o1 \+L L,
154 .

1q1 (

a/,4\
238 )

(s)
(s)
(4)
(2)
(4\
(f/
(s)

.34

'?_ _,
--;^

.oz

.tB

.14
50
z.z
z.o

.99

.43

.020

.45
T20

6.5
3.8
2.5
1.0

.31

??

'1, 
-

.)Y,l?

ZL
on
7.4

IX
I.J

L9

1.5
.44

11
340

1.6
OA

.L3
9.1

99
6.6
2.5
4.7

1a
.22
.76

11
)t

1a

J-L
3.7
2.6

IJ
17
8.8
.Il

6.L
28
r.4
4.4
3.6
2.0
1.6

110

(s)
(s)
(s)
(s)
(4)
(5)
(s)
(s)
(s)

9.5
15

.10
L2

3.1
IJ
9.0

6.1
6.2

.07 2q1

.40
2.5
7.8
4.8
2.4

I2
26

.13
L9

2,t
3.7

L6
L2
8.0

1?
.10

11

1n
L2
8.6
5.0

t\
1\L)
8)

?\
q\

o)
o\
\)
1)
oi
2)
B)
0)
2>
3)
B)
2)
tr\
2)
6)
9)
2\
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TAGGART MARKER AND TAGGART COAL BEDS

The Taggart coal bed occurs in Lee and Wise Counties and is separated from the underlying Taggart Marker coal bed by 20

to 75 feet of sandstone and siltstone. In both counties, the Taggart Marker may be called the "8" coal. In 1989, 2.2 million tons

were produced from these coals (Virginia Division of Mines, 1990). The Taggart typically has a poorly- to moderately-developed
medium cleatwith sparseamounts of mediumbanding andmoderateamounts of thinbanding. Therecanbe severalpartings, each

less than 2 inches thick which are composed of shale or bone coal.
Two samples were analyzed from the Taggart Marker coal bed (Figure 39 and Table 32a) and 10 samples are analyzed from

the Taggart coal bed @gure 40 and Table 33a). In the Taggart Marker coal samples, Bi, Cl, Dy, Ho, Pd, Pr, Tl, and Tm are found

to be below the detection limits. The geometric means for the Taggart Marker will not be discussed because there are only two

samples. With the Taggart coal samples, in addition to Au, In, Ir, Os, Pt, Re, Rh, and Ru, which are below the detection limis
forall375 Virginiasamples in thisreport, Bi,Ho,Pd,Pr, andTm arebelowthedetectionlimits. Tables 32b,32c,and32ddisplay
the analytical results for the Taggart Marker samples. The analytical results for the Taggart samples are presented in Tables 33b,

33c and 33d while statistical summeries are found in Tables 33e, 33f, and 33g.
In the Taggart coal samples, Kp, Nap, Y, and the free-swelling index are found to have substantially higher geometric

means than for the Appalachian basin samples. The geometric means of MnO, As, Br, Cl, Gd, Ge, Mn, Mo, Sn, Tl, Zn, sulfur,

sulfate, pyritic sulfur, and air-dried loss are found to be substantially lower for the Taggart samples than for the Appalachian basin

samples. For the Taggart coal bed, Pr0r, Dy, Er, and Tl have less than five unqualified values and therefore means are not reported.

Figure 39. Iaation for samples from the Taggart Marker
coal bed.

325

Figure 40. Location for samples from the Taggart coal bed.
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Table 33e.--Arithmetic mean, observed range and geometric mean of proximate and
ultimate analvses. heat content. forms-of sulfur. and ash-fusion temperatures
for 10 bitumihous'coal samDles from the Tassart 6oa1 bed. Southwest Vireinia.
For comparison the arithmetic and seometriE"means of ehannel and drill dore
samples- of bituminous coal from thE Appalachian basin are included.

[A11 values are in percent exceot Btu/lb. KcaL/ke. ash-fusion temperatures.and' free-swelling intlex and are ^report'ed 6n an 'asYieceived basis. ' oF : 9/5 'C + 32i
Kcal/kg : 0.556 Btu/1b; (n) is'number of samples per parameter.l

Taggart coal bed Appalachian basin

Arith.
tllE dt I

Observed range

I,Iin. Max.
Arith. Geom.
mean mean

Geom.
mean

(n.)(n)

Proximate and ultimate analyses

Moisture
Volatile

matter
Fixed

carbon
Ash
Hydroeen
C-arboil
Nitrogen
uxveen
Sulfur

2 .00

33.96

56.76
7 .27
5.22

77.6L
1.38
7 .67

.86

1.10

32.00

3 .40

36 .00

1. 86

32 . t+6

52.48
11. 83
5.02

70.69
1.39
8.92
2.r5

2 ,69

3r.72

5L.76
9.83
5 .00

10.L7
1.37
8.22
1. 63

(4 ,7 60)

(1+ ,7 60)

(10)

( ro;
(r0)
( 10)
(10)
(10)
(r0)
(10)
(10)

ft"128\(4,760)
(4 ,7 60)
(/+ ,7 57 )
(4 ,7 56)
(4,97 4)

s3.10 60.26 56.693.s7 11.60 6.134.82 5.60 5.2272.50 81.66 77 .s5.90 1. s0 1.376.72 10.00 7 .6L
. 51 2.40 .11

Heat content

KCaI/kz
Btu/1b-

(10) 7,69L 7,245(10) 13,833 13,030
8 ,033 '7 

,686
14,l+147 L3,824

7 ,030 6 ,979L2,6t+4 12,553
(4 ,7 59)
(4 ,7 59)

Forms of sulfur

Sulfate
Pyritie
Organie

0 .02
.28
.55

0.01
.04
.33

0.05
L.99

7?

0 .02
.11
.54

0 .08
L.36

.82

0 .04
.65
.70

(e)
(10)
(r0)

(4,2/+5)
(4.392\
(4; 3e3)

Ash-fusion temperature ("C)

(4,063)
(3,722)
(3,449)

L,255
L,287
1, 334

( 9) 1 , 368 L,254(5) L,422 1, 368(s) L,48e 1,410

L,246
1.280
L',328

1, 504
r,457
I, )Ib

L.366
L',422
L,489

lnitial
deformation

Softening
.t lulcl

Free - swellins
index -(10) 7 .35 5. 50 8. 50 7 .26 5.53 4.68 (4.,603)

Air - dried
loss (e) .56 .14 l_. B0 .4U 1.83 t. 13 (3,868)
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Table 33f . - -Arithmetic mean, observed.range, -anq georrret{ic lnean- of ashcontent and concentration6 of 11 major-"and min5r-oxides in the
.l-aboratory ash of 10 bituminous coal samples from the Tas.sart claboratory ash of 10 bituminous coal samples from the Tas.ejrt coalbed, southwest Virginia...For comparison' !h-e-arithmetic 5fid^geometricbed, Sout
means of channel aild drill core simples of bituminous coal fiom the
Appalechian basin are included. labhed values (---) represent less
means of channel and drill core sbmples of bituminous coal fiorn the
Appalqchian basin are included. labhed values (---) represent lessthan five samples; (n) indicates the nunrber of darnpies fer oxide.
[A11 samples were ashed at 525"C; all data are in percent. ]

Taggart coal bed Appalachian basin

Observed ranse
Arlcn.
mean Min. Max.

(Ash) (10)

sio2 (10)

A12o3 (10)

Cao (10)

Mso (10)

Na2o (10)

Kzo (10)

Fe2o3 (10)

I,InO (10)

rio2 (10)

Pzos (4)

SO: (10)

1.3

49

31

7.2

1.1

.51
1n

8.0
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L.4

L.6

J.I
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27

.53

.48
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I,4
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. 005

1.1
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12 6.6

54 49

J'+ JI
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L.6 1. 0

, ) ?a

4.5 2.8

15 7.L

.04 .01

I.7 1. 3

3.1 I.4

2/+

2.2

.85

.43

L.V

19

nl

1)

.50

2.5

10 (5,262)

4I (5,229)

23 (5,229)

1.5 (5,227)

.75 (s,258)

.34 (5,194)

L.7 (5 ,229)
13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

L.9 (5,063)
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Table 33e.--Arithmetic mean. observed range, and geometric mean of concentrations-*-;f S+'xr^-"";f;;;;4"-in 1O 6itu*inous Eoal samfiles from the Taggart coal-bed,
Southwest Virginia. For comparison the arithmbtic^and g-eometric means ot
cfrinnef ana-dii11-"or. ia*pfb" of bituminous coal from Ehe Appalachian basin
are included. Dashed valubs (---) represent less than five samples; (n)
indicates the number of. s?mpl<is.pi:r element. IA11 data are in parts-per-m1IIlon
and are reported on a whole-coal basis. I

Taggart coal bed Appalachian basin

(n)
Arith.
mean

Observed range

l,lin. Max.
Geom.
mean

Arith.
mean

Geom,
mean rnl
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B
Ba
Be
Bi
Br
Cd
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Cr
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Dy
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F
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Gd
ucrrc
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Ho
;;oIto
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Lu
Mn
Mo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
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Sr
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Tb
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U
\r
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Y
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Zr

(10)
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34.INCHCOALBED

This coal, also known locally as the Cedar Grove or Low Splint E coal bed, is found in Lee and Wise Counties. At the one
sample site (Figure 41), the coal is 2.0 feet thick and has a well-developed medium cleat with one 3-inch parting.

Bi, Dy,Er,P,Pd,Pr,Rb,Ta,Tl,andTm (inadditiontothe8 elementsfoundtobebelowthedetectionlimitsforall3T5 Virginia
samples) are below ttre detection limits for this sample of the 34-inch coal bed. There is only one sample of the 34-inch coal bed,
therefore the geometric means are not comparable. Table 34a contains the location and descriptive information for this sample,

and Tables 34b,34c,and 34d contain the analytical results.

Figure 41. Location for sample from the 34-inch coal bed.
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LOW SPLINT COAL BED

In Lee and Wise Counties the Low Splint coal bed is also known as the Buck Knob, No. 6, or Creveling coal bed. In 1989,

0.6 million tons were produced, mainly from Lse County (Virginia Division of Mines, 1990). The low Splint typically has a mod-

erately- to poorlydeveloped medium cleat. Near ttre town of Appalachia in Wise County, the coal is mined in two benches, sepa-

rated by an 8-inch parting. Elsewhere, up to five splits make up the I-ow Splint coal zone. Two sample locations con0ain splint
coal (R-7347 and R-7409).

Fifteen elements are below the detection limits for the 3 samples ftom the Low Splint coal bed: Au, Bi, Dy, Gd, Ho, In, Ir,
Os,Pd,Pr,Pt,Re,Rh,Ru, andTm. Thegeometic meansforthesesampleswillnotbediscussed. Figure42andTable 35acontains

the location and descriptive information for these 3 samples. The analytical results are presented in Tables 35b, 35c, and 35d.

Figure 42. Locations for samples from the Low Splint coal bed.
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HOUSE COAL BED

This coal is mined in Wise County but production estimates are not available. The coal is aptly named because it breaks into

large blocks that transport well and is quite suitable for home heat. In the Flat Gap arca, the coal has a very well-developed large

cleat and moderate- to sparse-thin banding. Thickness at sample sites varies from 1.6 to2.2feet. Pyrite is commonly found as a

film on cleat surfaces.
Two samples were collected from the House coal bed (Figure 43) and therefore the geometric means will not be discussed.

Table 36a shows the descriptive and location data. The analytical daa is presented in Tables 36b,3&,,and 36d. Statistical sum-

maries are not shown due to only two samples in the data set. In addition to the 8 elements found to be below their detection lim-
its for the Southwest Virginia coal samples, Bi, P, Pd, Rb, T1, and Tm were found to be below their detection limits for these

samples.

349

Figure 43. Locations for samples from the House coal bed.
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354 VIRGINIA DIVISION OF MINERAL RESOURCES

PHILLPS COALBED

Occurring in Wise and Dickenson Counties, the Phillips coal bed has also been called the No. 7, Fire Clay, or the Lower Phil-
lips coal bed. As many as four splits occur with maximum thickness less than 24-inches. Any one of the splits may be typified
asdisplaying poorlydevelopedcleats with thin- to medium-banding. Productionfrom thePhillips in 1989 wasabout428 thousand
tons (Virginia Division of Mines, 1990).

There was only one coal sample for the Phillips coal bed (Figure 44), thus the geometric means will not be discussed. Table
37a displays the descriptive and location data and Tables 37b, 37c, and 37d display the analytical results. The following elements,
in addition to the eight elements found to be below their detection limits for the other Southwest Virginia samples, were found
to be below their detection limits: Bi, Er, Ho, Pd, Pr, Rb, Sn, T1, and Tm.

0246810 KiLOMffiS

O 2 4 6 SAMEMIES

Figure 44. Location for sample from the Phillips coal bed.
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358 VIRGIMA DIVISION OF MINERAL RESOURCES

PARDEECOALBED

The Pardee coal bed, also known as the No. 10, Parsons, or Top Parsons coal bed, is found in Lee and Wise Counties. Most
of the 0.8 million tons mined in 1989 was from Wise Counfy (Virginia Division of Mines, 1990). Where sampled, the coal is 1.3

to5.2 feetthickandis characterizedby moderate- towell-developedmedium cleatwith medium andthin banding. Several partings

are found in the coal, commonly shale and bone coal. Pyrite is commonly associated with the parting material but is also found

disseminated within the coal.
Table 38a present the location and descriptive data for ttre six samples from the Pardee coal bed (Figure 45). The analytical

results are found in Tables 38b, 3&, and 38d. The following elements, in addition to those below the detection limis for all 375

Virginia samples, are below the detection limits: Bi, Dy, Er, Ho, Pd, Pr, Tl, and Tm. Li and U have substantially higher geometric

means (Tables 38e, 381 and 38g) and Fep' MnO, Sq, As, Br, Ge, Mn, Mo,Zn, sulfate, and pyritic sulfur have substantially

lower geometric means for the Pardee samples than for the Appalachian basin samples.

o 2 45 E10 XILOMffiS

0 2 4 6 SAMMTESw

Figure 45. Locations for samples from the Pardee coal bed.
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Table 38e.--Arithmetic mean, observed range and geometric mean of proximate and
ultimate analvses. heat content. forms-of sulfur, and ash-fusion temperatures
for 6 bitumin'ous coal samples fiorn the Pardee coal bed, Southwest Virginia. for
comparison the arithmetic'and geometric means of channel and drill coie samples
of bituminous coal from the Apfalachian basin are included.

IAlI values_are in percent except Btu/lb, KcaL/kg, aslr-fgs.igl,!"*pgratures,ald'---Fr""liwetti.tn Increx ano are reported on an as-recetved Dasls. 'oF:9/5 "C + 32;
KcaL/.kg : 0.556 ^Btu/lb; dashed^ values (; - - ) represent less than f ive samples;
(n) ls number oI samples per paramecer.l

Pardee eoal bed Appalachian basin

Arith.
mean

Qbserved range

Min. Max.
Arith. Geom.
mean mean

Geom.
mean

(n) (n)

Proximate and ultimate analvses

l,l.oisture
Volatile

maEUer
Fixed

carbon
Ash
Hydrogen
C'arboil
Nitrogen
Oxygefr
su.Ltur

(5)

(5)

2.78 1. BB

34.10 3L./+9

53.26 49 .909.85 5.70
5.27 4.95

74.44 69.90
1 . 60 1.40
8.26 7 .28
.95 .60

3.60

36.80

56.20
14.00
5,70

77 .20
1. 70
9.50
1. 31

2.68

34. 06

s3.22
I .37
5.26

74.00
1. 60
8.23

.92

3.23

32.46

52.t+8
11. 83
5.02

70.69
1. 39
8.92
2.L5

2.69

3L.72

5L.7 6
9.83
5 .00

7A.L7
L.37
8.22
1. 63

(/+,760)

(4 ,7 60)

(5)
(6)

t3]
t3]
(5)

(4 ,7 60)(4.760\
(/+',7 6oi
(l+,760)
(t+ ,7 57 )
(4 ,7 56)
(4 ,97 4)

Heat content

IEfii{b-
(5) 7,346 6,954(6) L3,2L2 12,508

7 ,7L6 7,318
L3,877 L3,204

7 ,030 6 ,979L2,644 L2,553
(4 ,7 59)
(t+,759)

Forms of sulfur

Sulfate
Pyricie
Organic

0.04
.25
.68

0 .01
.07

0. 11
.60
.81

0.02
.18
.66

0.04
.65
.70

0.08
r.36

.82

(s)
(6)
(6)

(4,245)
(4,392)
(4, 393)

Ash-fusion temperature ('C)

Initial
deformation (3)

Softening (2)
-t lulct

L,421
L,482

1_,482
L,493

L,246
1,280
L,328

(4,053)
(3,722)
(3,449)

L,255
L.287
L',334

Free - swelling
index - (5) 6.s0 4. 50 8.50 6.30 5.53 4.68 (4,503)

Air-dried
loss (6) L.26 0. 5t 2.L0 1.08 1. 83 l-.1_3 (3,868)
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Table 38f.--Arithmetic mean, observed range, and geometric mean of ashconlent and concentrations of 1l mgjor: and mifror--oxides -in the_

bed, Sout
laboratory ash of 6 bituminous coal" samples from the Pardee coalbed, Southwest Vireinia. For comoarisoh the arithmetic andL Virginia. For comparisoir the arithmetic and

ns of-channel and drill core samDles of bitr-migeometric Tgan: of-channel. and aritl-core -samples. of bituminou-sdoal from the Appalachian basin are included.' (n) indicates the
number of samples per oxide.

[A11 sarnples were ashed ax 525"C; all data are in pereent.]

Pardee coal bed Appalachian basin

Observed ranse
Arith

(n) mean Min. Max.

(Ash) ( 6 )

sio2 (6)

A12o3 (6)

Cao (6)

MgO (6)

Na20 (6)

Kzo (6)

Fe2O3 (6)

Mno (6)

ri,o2 (6)

P2oS (s)

so: (6)

5.9
(n

.49

.40

.19

.89

2.7

.005

L.2

.040

.48

-LJ

1+J

24

2.2

.85

.43

2.0

L9

.03

r.2
.50

2.5

10

s3

31

I.6
.70

.35

2.2

4.6

.01

1.6

.52

1.1

13 9.8

sB 52

33 31

2.9 1.3

.96 .68

.47 .34

3.4 2.0

7 .9 4.3

.01 .01

2.r 1.6

1.9 .1B

2.I .95

10 (5,262)

4L (5,229)

23 (5 ,229)
1.5 (5,227)

.7 5 (5 ,258)

.34 (5,194)

L.7 (5 ,229)
13 (5,215)

.02 (5,260)

1.1 (5,203)

.22 (3,389)

1.9 (5,063)
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Table 3Be.--Arithmetic mean, observed range, and geome^tric meaR of concentrations^--;f 5zr"ir"".-efemenis in 6 tiiuminous c5a1 sampfes from the Pardee coal bed,
Southwest Vireinia. For comparison the arithmetic an{ geom-etric means
;i--4fi;il;r ;;A-aiiil "oru siinpres of bituminous coal frSrn the ^Appalachianbasin are includ;a:- lashed .ril"""-i---l iepresent less than fivb samples;-(9)
indicates the number of samples per'element'. IA11 data are in parts-per-milllon
and are reported on a wholelcoal-basis.]

Pardee coal bed Appalachian basin

Observed ranse

(n)
Arith.
mean Min. Max.

Geom.
mean

A -" +tr-
n!!Llt.

lltE dtl

Geom.
lltc 4tl (n)

AS
AS
B
Ba
Be
Bi
Br
Cd

c1
Co

Cu
u'l
Er
Eu
F

Gd
uc
Hf
lJ-

tlo
T^

Li
Lu
Mn
Iilo
Nb
Nd
Ni
Pb
Pd
Pr
Rb
Sb
Sc
Se
Sm
Sn
Sr
LA

Tb
Th
T1
Tm
U
V
w
Y
Yb
Zn
Zr

0.07 0.0s3s 13
30 2090 632.5 2.0

all-.) r.r
22 13

0 .03
3.9

13
67
1.8

.95

.06

(6)
(6)
(6)
(6)
(6)

(6)
(6)
(6)
(4)
(6)
(6)
(o)
(6)

:::
(6)
(6)
(6)
(2)
(6)
( o.)
(6)

20
:-:
).d

11

.78
r?__

.33
100

4.L

.83

.13

.L2

11
26

3.4
2.2
L.7

.68
95

.23

.271n

:::
L.Y

18

6.9
.87

7.4
22

0.015
1.5
5.0

36
L.6
- -:.

. )r

.024
13
10
L.9
7.8

.30
1:__

. Ll
47

1.8
-71

.32

.40

.043

7.0
10

. 090?n
1X

.59
4.5
7.7
?:?

8.0
.40

2.0
.73

t.2
.15

4A
.13
.L]

!l_
.- -:t<

6.5
.40

4.9
.60

5.4

0.0s
T2
22
95
2.2
.- 
-:

t<

.08

1,700
L4
L9
1.3

- -;-
.4/

160q7
1.5
1.3
1.1

.L9
.)- -
IO
qq

.L4
10
I,2
6.6

L4
L2
t9- 

_

18
r.6
5.0

2.2
1.3

200
.4L
.34

<v

:::
3.3

1A

0.02
2.9

I2
63
1.8

.9L

.06
19

L2
.67

t?__

.31
95

<X
--.ie

.68

.10

11
22

.13
6.2

.6L
2.I
8.2
9.4
R1

:::
.69

3.3
1.9
r.7

.57
85

.22

.21

? _e_

1.8
16
;-:o.t

.85
6.6

18

.10
)1

780
7.4

18
1.3

1,9
3.3
1.5

.44
99
6.6
2.6
4.7

.19

.22

.76
11
22

.15
31
3.7
2.6

13
L7
B.8

.17
6.1

28
L.4
4.4
3.6
2.0
L.6

110
.24
.34

3.0
3.4
L,7
1.8

24

L7
510

15
.85

2.6
r.2

.5/
7I
1.9
2.5

.62

.15

.61
8.9

t4
.L4

15
2.3
1.9
9.9

L4
b.z

.L4
J.b

22
.91

3.6
2.8
l..o

.86
/v

.L9

.29
2.3
2,L

<x

1.3
1_9

.80
7.2

.92

l+,565)
5,I97)
5 ,07 6)
5 ,134)
5,241)

(108)
4,892)
t+ ,97 8)
s,07s)
3,646)
5,2I7)
5,205)
4, 831)
5,239)

(7se )
1,200)
5,032)
4,860)
5,04.6)
I ,17 3)
4,608)
4,932)
5,031)

(378)
5 ,L47 )
5,243)
4, 88s )
5,260)
4, 889 )
5,005)
4,231)
5,240)
5,l-72)

(18)
(e60)'.2,232)

's,003)
:s;218)
:5,052)
:5,005)'.2,3s2)

"5,146)
'.4,369)
:4,852)
i5,098)

(382)
(46)

(4,990)
(s,24L)
(4,42L)
(5,234)
(5,151)
(s,243)
(5,238)

t

t
(

t

t

t
(
(

(

t

t

t
(

6
6
o
6
5
o
o
6
6

(3
(6
(6
(6
(6
(b
(6
(6
(6

I9

i;i(6)
(+)
(6)
(6)
(6)
(6)

1?
6.9

.67
2.8
8.8
9.6
!:?

.94
8.5
1.1

22
24

.ov

1n
L2qn

L4
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MORRIS COALBED

The Morris coal bed crops out in I-ee and Wise Counties and locally is known as the No. 1 1 coal bed. hoduction in 1989 was

0.7 million tons, all from Wise County (Virginia Division of Mines, 1990). Where sampled, the coal varies from 2.5 to 6.1 feet
thick andis typically hard with apoorly-developed medium cleat. There areoneortwo siltstonepartings totaling less than 3 inches

in thickness.
Au,Bi, Dy, Ho, In,Ir, Os, Pd,Pr,Pt,Rb,Re,Rh,Ru,Tl,andTm arebelow thedetection limis for the 3 Monis samples. The

descriptive and location data are presented in Table 39a andFigure 46 with the analytical results reported in Tables 39b, 39c, and

39d. The geometric means for the 3 samples from this bed are not discussed because there are less than five samples.

Figure 46. Locations for samples from the Morris coal bed.
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HIGH SPLINT COAL BED

This coal crops outinlreandWiseCounties, andproductionin 1989 was0.3 million tons (Virginia DivisionofMines, 1990).

In Lee County, the High Splint coal bed is locally known as the No. 12 coalbed. At the single sample location @gure 47), the

High Splint is 3.6 feet ttrick and displays a poorly-developed medium cleat with sparse thin banding. The coal is commonly hard

and bony.
Wiili only one coal sampleforthe High Splintcoalbed, the geometric means are notdiscussed (see Table40aforthedgscrip-

tive and location data andTables 40b,40c, and4Odforthe analyticalresults). However, in addition to the 8 elements foundbelow

the detectionlimits in therestof the Virginiasamples, the followingelements, Bi, Cl, Dy, Er,Ge, Ho,Pd, Pr, Tl, andTm are found

below the detection limits for the High Splint sample.

373

Figure 47. Location fm sample from the High Splint coal bed.
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APPENDIX I

7.5.MINUTE TOPOGRAPHIC MAPS SHOWING SAMPLE LOCATIONS

379

The following ?.5-minute maps contain all sample locations found in this report and are at a scale of approximately 1:50'000'

They are arrangutin utphub*ticalbrder and some have been divided into northern and soutlern halves. The symbol 
*X"denotes

a ,o.fac" .a*ple point, ttre .y*bot "l€' is an underground sample location. Although located on a-topographic base,-the elevation

of the sampled coal bed witl nor usually match ttrai shown on ih" rap; they are geographic locations only. Higly{ls and modi-

fied land it *g" the sample elevationin surface mines, and obvioGly, eievations in underground mines are different than the

indicated surface elevatidn. The sample number is the same four digit number listed in the first column of every table, although

for sake of brevity, the..R;prefix is not used on these location *ap-s. Atso shown with the sample location and sample number

is an abbreviation of ttre coil bed that was sampled. The following lists ttre abbreviations used on the maps:

ad = Addington coal bed
a = Aily coal bed
bf = Big Fork coal bed
bl = Blair coal bed
blm= Blair Marker coal bed
c = Campbell Creek coal bed
cl= Clintwood coal bed
clm= Clintwood Marker coal bed
clr= Clintwood Rider coal bed
cc = Cove Creek coal bed
d = Dorchester coal bed
h = Hagy coal bed
hs = High Splint coal bed

ho = House coal bed
I = Imboden coal bed
IM = Imboden Marker coal bed
J =Jawbonecoalbed
JR = Jawbone Rider coal bed
JT = Jawbone-Tiller coal bed
ky = Kelly coal bed
k = Kennedy coal bed
lb = Lower Banner coal bed
ls = Low Splint coal bed
L = Lyons coal bed
mo = Morris coal bed
n = Norton coal bed

pd = Pardee coal bed
ph = Phillips coal bed
p3 = Pocahontas No. 3 coal bed

r =Ravencoalbed
sd = Splash Dam coal bed
tg = Taggart coal bed
tm = TaggartMmker coal bed
T =Tillercoalbed
ub = Upper Banner coal bed
usc= Upper St. Charles coal
w = Wilson coal bed
34 = 34-inch coal bed

Figure 48. Topographic quadrangle index map of ttre South-

west Virginia coalfield (7.5-minute).

\
wn hbuh St
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VDMR ID USGS LAB VA FIELD

VIRGINIA DIVISION OF MINERAL RESOURCES

APPENDIX II

S AMPLE NLIMBER CROS S -REFERENCE

Associated with each coal sample are four identification
numbers. The Virginia Division of Mineral Resources had
maintained a rock repository where representative splits of
coal samples were stored. A repository number (VDMR ID
NUryPIry was assigned to rtre sample at the rime of enry.
m9 V.S.Geological Survey assigned an identifying number
to their splitof the sample (USGS LAB NUMBER). The VA
FIELD NUMBER was applied in the field at the time of
sampling and was based upon the topographic map index
number (Biggs, 1974). The fourth number was derived from
the laboratory which performed the routine analysis (CLAS-
SICAL ANALYSIS LAB NUMBER).

APPENDIX Il-conrinued
VDMRID USGSLAB VAFIELD

NUMBER
R-6856
R-6857
R-6858
R-6859
R-6860
R-6861
R-6862
R-6863
R-6864
R-6865
R-6866
R-6867
R-6868
R-6869
R-6870
R-6871
R-6872
R-6873
R-6874
R-6875
R-6876
R-6877
R-6878
R-6879
R-6880
R-6881
R-6882
R-6883
R-6884
R-6885
R-6886
R-6887
R-6888
R-6889
R-6890
R-6891
R-6893
R-6894
R-6895
R-6896
R-6897
R-6898
R-6899
R-6900
R-6901
R-6902
R-6903
R-6904
R-6905
R-6906
R-6907
R-6908
R-6909
R-6910
R-6911
R-6912
R-6913

NUMBER
w192606
w192612
w192103
w192102
wr9270r
wr927M
w192705
w1927W
w192707
wr927ffi
wt92699
w192698
w192697
w192708
w192706
w193663
w193664
w193665
w193666
w19367
w193671
wr93672
w193673
w193668
w193670
w193669
w193935
w193934
w193933
w193932
w193936
w193945
w193946
w193947
w193948
w193949
w193950
w194305
w194301
w194300
w194298
w194299
w194302
w194303
w194304
w194292
w194295
w194296
w194291
w194293
w194294
w194411
w194412
w194852
wr94854
w194855
wr94853

NUMBER
5881
89D1
90D13
90D14
90D15
89C1
89C2
88C2
88C3
89C3
89C4
89C5
59A2
5882
5883
60B6
59A3
88C4
88C5
88C6

CLASSICAL
ANALYSIS

LABNUMBER
7537
7639
K67881
K67871
K67870
K67878
K67873
K67877
K67879
K67874
K67872
K67875
K67869
K67876
K67880
K69357
K68364
K68361
K68358
K68362
K68363
K68359
K68360
K68354
K68356
K68355
K68623
K68622
K6862r
K68620
K68624
K69658
K69659
K69657
K69662
K69660
K6966I
K69855
K69851
K69849
K69856
K69850
K69852
K69854
K69853
K70350
K70345
K70348
K74349
K70346
K70347
K70535
K7A$3
K70920
K70922
K7092r
K70923

NUMBER
R-6814
R-6815
R-6816
R-6817
R-6818
R-68r9
R-6820
R-6821
P.-6822
R-6823
R-6824
R-6825
R-6826
R-6827
R-6828
R-6829
R-6830
R-6831
R-6832
R-6833
R-6834
R-6835
R-6836
R-6837
R-6838
R-6839
R-6840
R-684r
R-6842
R-6844
R-6845
R-6846
R-6847
R-6848
R-6849
R-6850
R-6851
R-6852
R-6853
R-6854
R-6855

NUMBER
wI91067
w191064
w191069
w191065
w191063
wl91068
wl91066
\Yl91136
w191135
w191134
wl91332
w19i331
w191333
w191330
wl91337
w191338
wl91335
wl91336
wt9r329
w191328
w191334
wr926M
w192605
w192599
w192600
w192ffi1
wr92ffi2
w192603
w192609
w192586
w192591
w192592
w192589
w192587
w192588
w192590
w192608
wr92ffi7
wr92611
w192610
w192613

N[]MBER
604'1
60A2
6081
60B2
6083
60B4
60A3
90Dl
6AA4
60A5
60A6
9ADz
90cl
90c2
ffi47
90D3
60A8
60A9
59B1
5982
90Dt
6085
90D5
604'10
60An
ffi412
60A13
60A14
90D6
60A15
90D8
90D7
60A16
60A17
60A18
59A1
90D9
88C1
90D11
90D10
90D12

CLASSICAL
ANALYSIS

LABNUMBER
2822
z82r
2819
2,823
2827
Z,8r8
Z,820
K&699
K&70r
K647m
z5&
2565
2563
2566
2559
2558
2556
2560
256l
2562
2557
7.&5
7.&4
z,&6
z,&7
7,&2
7,&3
z.gl
2634
2,869
z81l
z,870
2,866
2,868
2,865
Z,867
7533
2,536
z&0
7.535
7638

18C1
r8c2
19Dl
l8c3
l8c4
l8c5

88Al
88A'2
87Bl
87Al
8VCL
87C2
87C3
8782
8783
8784
8786
88B1
88A3
8882
8883
8884
88A6
88A4
88A.5
88A7
118D1
118D2
118D3
88B5
88B6
60A19
ffi420
ffiA2r
61Al
6IA2
6087
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CLASSICAL
ANALYSIS

LAB NUMBER
K89328
K89330
K89329
K89331
K9M23
K90624
K90625
K9M26
K906n
K90628
K9M29
K94187
K94r88
K94189
K94r90
K94r91
K96811
K96812
K96813
K96814
K96815
K96816
L05049
L03955
L03960
L05053
L03956
L03951
L03950
L.A3948
L03949
m3953
LO3957
L03958
L03947
L0396r
Ln3952
L.43962
L03959
L03954
u10079
u10075
u10074
u10076
u10077
u10073
u10078
ur0085
ul0084
u10080
u10081
u10082
u10083
ul0l67
ul0l68
u10184
ur0183

APPENDIX Il---continued
VDMR ID USGS LAB VA FMLD

NUMBER NUMBER
R-6914 Wr95442
R-6915 W19544r
R-6916 W195443
R-6917 W195445
R-6918 W195446
R-6919 W195447
R-6920 W195444
R-6922 W195440
R-6923 W195439
R-6934 Wr96287
R-6935 W196283
R-6936 W196284
R-6937 W196285
R-6938 Wr96286
R-6939 W196288
R-6940 W196289
R-6941 W196290
R-6943 W197307
R-6944 W197308
R-6945 Wr97303
k-6946 Wr973M
R-6947 W19?305
R-6948 W197306
R-7068 W198542
R-7069 Wr98543
R-7070 Wr97299
R-7071 W1973m
R-7072 W197301
R-?073 Wt973U.
R-7r60 W199466
R-7161 W199465
R-7168 Wr99467
R-7169 W199468
R-7r71 W200486
R-71?4 W20&185
R-7175 W200484
F.-7324 W202130
R-7325 W202r29
R-7341 W203394
R-7342 W203393
R-7343 W203387
R-7344 W203386
R-7345 W203385
R-7346 W203384
R-7347 W203389
R-7348 W203390
R-7349 W203388
R-7350 W203391
R-7351 W2033y2
R-7354 W2Mr57
R-7355 W204158
R-7356 W2Mr59
R-7357 W204160
R-7358 W204161
R-7359 W20/-r62
R-7366 W20/.r63
R-7367 W2Mr&

CLASSICAL
ANALYSIS

LABNUMBER
K72729
K72723
K7n30
K1n22
K'72723
K72724
K727n
K72726
K7n25
K73189
K73r85
K73186
K73187
K73188
K73190
K73191
K73r92
K78507
K78508
K78503
K78504
K78505
K78506
K79r72
K79173
K78499
K78500
K78501
K78502
K78694'
K78693
K78695
K78696
K84860
K84856
K84859
K84984
K84983
K86728
K867n
K8&2r
K86420
K86419
K86416
K86423
K86/l2
K86417
K86418
K86726
K89584
K89585
K89588
K89586
K89587
K89589
K89590
K89591

NUMBER NUMBER
R-7380 W2046t7
R-7381 W204618
R-7382 W2M6r9
R-7383 W20l'620
R-7406 W205190
R-7407 W205191
R-7408 W205r92
R-7409 W205193
R-7410 W2051%
R-7411 W205195
R-74r2 W2051%
R-7465 W206886
R-749r W206887
R-7492 W206888
R-7493 W206889
R-7494 W206890
R-7515 W208044
R-7516 W208045
R-7517 W2080/,6
R-7518 W208047
R-75r9 W208048
R-7520 W208049
R-7545 W209959
R-7546 W2099ffi
R-7547 W20996r
R-7548 W209962
R-7549 W209963
R-7550 W210391
R-7551 W2r0392
R-7552 W2r0393
R-7553 W2r0394
R-7554 W210395
R-7555 W210396
R-7556 W210403
R-7557 W210397
R-7593 W210398
R-7594 W2r0399
R-7595 W210400
R-7596 W210401
R-7597 W2104tr2
R-7860 W2rrl74
R-7861 W2rrl69
R-7862 W2il168
R-7863 W2r1170
R-7864 W211171
R-7865 W2rrr72
R-7866 W211173
R-8165 W2tr679
R-8166 W2rr678
R-8167 W2rr674
R-8168 W21r675
R-8169 W2rr676
R-8170 W2r1677
R-8206 W2r2486
R-8207 W2r2488
R-8208 W2r249r
R-8209 W2LV489

NUMBER
90c5
90c4
90c6
5884
58B5
5886
89C6
88C7
61C1
60Ac2
6088
6089
60810
60811
ffiA23
ffiAr24
89D2
88C8
88C9
5887
5888
5889
58810
60812
89C7
90c7
90D16
5983
59B4
60A25
59A.4
ffi426
ffiA27
5985
90c8
60A28
60813
598,6
9rc10
90c9
60816
60815
60814
59A5
9rc11
89C8
5987
59B8
89Bl
59B9
59810
88C10
89D3
89Dt
89B2
6lA3
9lD1

NUMBER
89B3
8984
8985
118C6
6lA4
61A'5
61A6
61A7
61A8
6rA9
61A10
89B6
8987
89B8
89C9
117B1
60817
60818
60819
60820
ffiBzr
60B.22
89C10
89C11
90Al
89D5
89D6
89D7
89D8
89D9
89D10
89D11
89D12
89D15
8989
89D13
89Dr4
89D16
88C11
88C12
89A1
88C13
8887
88C14
88C15
88C16
88C17
90cr2
9rc13
88C18
8942
89A3
89A4
89B10
9OCI4
90D16
90A,
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APPENDIX Il---continued
VDMRID USGSLAB VAFIELD

APPENDIX Il--+ontinued
VDMRID USGSLAB VAFIELD

NUMBER
R-8210
R-8241
R-8242
R-8243
R-8244
R-8318
R-8319
R-8448
R-8449
R-8450
R-845r
R-M52
R-&453
R-8454
R.M55
R.M69
R-84?0
R-8471
R-8472
R-8473
R-8477
R-8478
R-8479
R-8480
R-8481
R-8483
R-8484
R-M85
R-8486
R-8487
R-8488
R-8489
R-8490
R-8491
R-8492
R-8494
R-8495
R-8502
R-8503
R-8504
R-8508
R-8516
R-8517
R-8518
R-8519
R-8538
R-8539
R-8540
R-8541
R-8542
R-8543
R-8553
R-8554
R-8555
R-8556
R-8s57
R-8558

NUMBER
w212490
w212492
w212487
w212493
w2t2494
w213994
w213995
w214244
w214245
w214246
w2r424l
w214248
w214249
w214250
w2r4251
w214252
w214253
w214254
w214255
w214256
wzt47&
w2r4'165
w2t4765
w2r4762
w214',167
w2t477A
w2r4769
w2r4-17r
w2r4763
w214768
w215412
w215413
w2t5414
w215415
w240451
w215446
w215450
w215447
w215448
w215449
w215451
w215874
w215875
w215876
w2r5877
w217399
w217400
w2fi4A1
w2174W
w217397
wzt7398
w2r"7592
w217593
w2r7595
w2r7594
w2r7596
w2r7597

NUMBER
90A3
90D17
89Crz
90D18
90Di9
90D20
90D2r
6lAll
6rAr2
6rA13
61A14
61A15
611^76
6rAt7
61Ar8
61A19
61A20
6rA2r
61A22
611^23
88A8
88A9
88A10
8187
88A11
8889
8888
88B10
8?89
88A12
8788
88B1r
89A5
89A6
89A7
59A6
88C19
88812
88A13
88A14
83A1
ffi429
88B13
88A15
88A16
88814
88815
1r8C7
118C8
88A17
88A18
87B10
118C9
88C21
88C20
88C22
88C23

CLASSICAL
ANALYSIS

LABNUMBER
u10612
ul0185
u10182
u10169
u10170
u10199
u10200
u10213
u10214
ul0215
u10216
ul02t7
ul02r8
u10233
ur02r9
vrc220
vl022r
u10222
u10223
u10224
u10203
Urcz04
u10205
u10201
ul0206
u10209
u10208
u10210
u10202
u10207
u10549
ul0s50
u1055r
u10552
u13583
u10729
ul0733
u10730
ul0731
ur0732
u10734
u10823
u10824
ur0825
u10826
ul1056
ul1057
ul1058
ul1059
uI1054
ul1055
ul1073
ul1074
ul1075
ul1075
urr077
ul1078

NUMBER
R-8637
R-8639
R-8640
R-8Gt1
R-88t7
R-8548
R-8649
R-8650
R-8651
R-8652
R-8653
R-8654
R-8714
R-8715
R-8716
R-8562
R-8563
R-8564
R-8565
R-8566
R-8572
R-8573
R-8574
R-8575
R-8576
R-8580
R-8581
R-8582
R-8583
R-8584
R-8585
R-8597
R-8598
R-8599
R-8600
R-8501
R-8602
R-8618
R-8619
R-8621
R-8622
R-8623
R-8624
R-8631
R-8632
R-8633
R-8635
R-8717
R-8718
R-8719
R-8720
R-8721
R-8122
R-8723
R-8724
R-8725
R-8728

NUMBER
w223354
w225rc8
w223356
w225rcg
w226972
w2269',t3
w226974
w226975
w226976
w226977
w226970
w22697r
w2290't3
w2290'r4
w229083
w217685
w2r7686
w217687
w217688
w217689
w2r877r
w218772
w2r8773
w2t8774
w2r8775
w218765
w218765
w2r8767
w218768
w218769
w218770
w218973
w2r8974
w218976
w2r8976
w21897',l
w218978
w22336r
w225r07
w223357
w223358
w223359
w2233ffi
w223355
w223353
w225tM
w223352
w229AU
w229080
w229082
w229017
w229078
w229479
w22908r
w229475
w229076
w229548

NUMBER
90c15
9rc-16,17
9rc18
ffiB-23,24
90c19
90c20
90c21
9rc22
90D22
90D23
62Dr
62C2
90D24
90D25
89B11
118C10
118C11
1r8C12
118C13

CLASSICAL
ANALYSIS

LABNUMBER
ur203'l
urr772
u12039
ul2118
ur2r3l
ur2r32
u12133
ur2t34
ur2t3s
u12136
ut2129
u12130
u12377
u12378
u1,2387
ul1079
ul1080
u11081
ul1082
u11083
ul1300
ull301
ur1302
ui1303
u1130t
ul12%
uI1295
u11296
urr297
urr298
utl299
u11454
ul1455
u11456
urr457
ul1458
u11459
urz0/4
utztt6
UT2MO
un04r
ur2u2
u12043
u12038
u12036
urt775
u12035
u12388
ur23u
u12386
u12381
u12382
u12383
u12385
ur2375
u12380
u12443

18C14
l8D4
l8D5
18D6
r8D7
t8D8
r8c15

118C16
18c17
18C18
r8c19
r8c20

118D9
118D10
118D11
lt&Dt2
118D13
118D14
118D15
118D-16,17
118D18
11881
118C21
rr8c22
118D19
11782
118D-20,21
11841
89812
90c23
90c24
60A30
60A31
ffiA32
90c25
90D26
90D27
62D2
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APPENDIX Il---continued
VDMRID USGSLAB VAFIELD

APPENDIX III

COAL SAMPLING PROCEDI.IRE

In order to reduce outside variables and produce coal

analyses that relate to one another, consistency in the sam-

pling procedure at every site is necessary' The Virginia

bivi"sion of Uineral Resources personnel follow as closely as

possible the sampling procedures outlined and described in

oubtications bv ASTM (Dutcher, 1976) and ttre U' S' Geo-

iogical Suruei (Schopf, 1960). kocedures described by

Giass (1975) andCunens and others (1986) are also used as

a guide.
Best analytical results are derived from fresh coal expo-

sures, and with the exception of rare ftesh road cut exposures'

all samples are collected frorn active mines' Type of surface

mlninganO.eclamation oechniques often limit the availabil-

ity of iotential sample sites. With the exception of an auger-

irig operation 6igwe +l;, surface mine exposures more than

trio weeks olil are generally not considered for sampling

(Figure 50). Samples from underground mines are collected

iitf,er at the working face or another section of the m ine where

the coal is fresh @gure 51).

NUMBER
R-8820
R-8821
R-8822
R-8823
R-8824
R-8825
R-8826
R-8827
R-8830
R-8831
R-8940
R-8941
R-8949
R-8950
R-8951
R-8729
R-8730
R-8731
R-8732
R-8733
R-8734
R-8735
R-8736
R-8737
R-8738
R-8739
R-8740
R-8741
R-8742
R-8749
R-8750
R-8751
R-8752
R-8753
R-8?55
R-8756
R-8758
R-8760
R-8761
R-8764
R-8805
R-8806
R-8807
R-8808
R-8809
R-8810
R-8811
R-88r2
R-8813
R-8814
R-8815
R-88r6
R-8817
R-8818
R-8819

NUMBER
w238477
w238940
w238945
w2389M
w238943
w238946
w238941
w238942
w239224
w213993
w24M50
w24M52
w236245
w236247
w236246
w229550
w22955r
w229552
w229549
w231831
w231832
w231833
w231834
w231835
w231830
w231838
w231837
w231828
w231829
w236243
w235313
w235314
w2353r7
w235315
w235318
w235316
w236240
w23624r
w236242
w231836
w236237
w236238
w236239
w238471
w238478
w23848r
w238483
w238472
w238473
w238474
w238479
w238480
w238482
w238475
w238476

NUMBER
88822
59B11
90D44
90D45
89C14
119D3
89A12
89B17
lncl
88D1
87B5
89A13
88B16
89C13
89D17
60A33
64434
60A35
90D28
90D29
90D30
90D31
90D32
90D33
9rc26
90D35
90D36
60A.36
60A37
90c27
90D37
90D38
60A38
90D39
60A39
90D40
89A8
89A10
89Arr
90D34
60825
60826
ffiBZ1
60c1
89814
90A4
rr9D2
88817
88B18
88B19
89B15
89816
90D42
88820
88821

CLASSICAL
ANALYSIS

LABNUMBER
u13208
u13259
u13263
vr32&
UB2A
ut3265
u13260
u1326r
u13281
u10198
u13582
u13584
u1296r
u12963
u12962
v12445
u12446
u12447
ut244
v12498
u12499
u12500
u12501
u12502
u12497
UT25M
u12505
u12495
u12496
ur2959
u12891
v12892
u12895
u12893
u12896
u12894
u12956
ur2957
u12958
u12503
ur2953
ur2954
ur2955
IJ132c2
UL32cB
v132t2
ur32L4
v13203
ur32u
u13205
u13210
vr32lr
u13213
u13206
ur32u

Figure 49. Auger operation on surface mine bench, Buchanan

County.

To facilitate location of potential sampling sites, local

residents, coal opefators, the Virginia Division of Mines, the

Virginia Division of Mined Land Reclamation, Virginia

neiartment of Foresry personnel, and legal.notices in local

ne*tpupets are consuited. The foreman of the mine is con-

tacted to gain permission to sample. Poor working conditions

oiother p'robfems wilt be pointed out by the foreman at this

time. When a potential sample site is located,several factors

must be addreised to insure a successful sample' Of foremost

.o*ia"tation is the safety of the personnel directly or indi-

rectly involved wi*r the actual sampling. Sa-fety considera-

tions in underground mines include roof conditions, blasting

schedule, and*the proximity of the potential sampling sites-to

active mining and electricat equipment. In surface mines, the

condition of the highwall is of eminent consideration; sec-

tions of highwall that are making water, are coated with ice,

or have large amounrs of talus indicate a weak wall and are

avoided. AiOitionally, blasting, haul traffic, and the ploxim-

ity- of mining equipment within the pit must be considered'
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Figure 50. Surface mine, Wise County.

After finding a safe site, the coal bed should be entirely
visible. In some cases, loose debris may need to be removed
to expose the entire coal bed. The suitability for sampling is
assessed by hammering on the coal bed to test the bveiall
cohesiveness ofthe unit and by visual inspection for exces_
sive amounts of mud, blooms, or coatingj. parting material
that is not mined or is screened out is noted so tha,it may be
excluded from the sample. If a coal is found to be suitabie to
sample, the roof and wall rock above the sample point is
cleared of loose debris that could confaminate ttre sample. A
stiff-bristle whisk-broom works nicely !o remove smaliocks
and dust. To maintain the integrity of the highwall or roof,
removal of large blocks of rock is avoided. The area to be
cleaned should be sufficient to eliminate contamination of the
sample, generally not less ttran five feet wide. When the rock
above the coal is secure, the accumulated talus is shoveled

lway, qls exposing the floor. Using a hammer or mattock,
the coal face is chipped to a depth oi two inches or more ro
expose a clean surface. The coal face and floor are then swept
with the broom until all debris is removed. From this point,
care must be taken that material outside the channel is
g*:l$"9 from th9 sample. A piece of 4-mil plasric sheeting
is folded several times to a size of at least twoieet square, and
placed on the floor adjacent to the cleaned coal face. Making
sure protective eyewear and gloves are on and the tools are
clean, two parallel grooves, normal to bedding, are dug about
six inches apart using apick-end hammerorcfrisel and sledse
hammer. The placement of the grcoves is often dictated b-v

Figure 51. Underground mine, Dickenson County.

the direction and development of the cleat. Beginning at the
floor conlact and using a hammer or chisel and sledge, the
coal between the grooves is removed to a depttr of four to six
inches. Material that is not to be sampled is carefully remove
and tossedaside as thechannel reaches it. Laterally consistent
partings greater than 0.25 inch thick are generally excluded
from the sample. Coal broken outside the $ooved parameters
is likewise discarded. Undercutring the coal within the
channel works well and most coal will fall onto the plastic
sheet. To keep coal pieces conlained, t]re sheet may be nailed
to the wall on either side of the channel and/or tucked into the
samplers belt. The actual dimensions of the channel will
depend on the thickness of the coal bed but at least six pounds
per foot of coal are collected. After completing the channel
sample, the corners of the plastic are folded over the top of the
collected coal and the sheet is moved away from the highwall,
or in the case of underground mines, to a place that has a flat
floor and reasonable working conditions. The coal is then
crushed to at least l!-inchmesh by light hammering. Thor-
ough mixing of the sample by hand shows up any contamina-
tion or oversized coal pieces. The sample is shaped into a
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Figure 50. Surface mine, Wise County.

above the coal is secure, the accumulated talus is shoveled
away, thus exposing the floor. Using a hammer or mattock,
the coal face is chipped to a depth oi two inches or more to
expose a clean surface. The coal face and floor are then swept
with ttre broom until all debris is removed. From this point,
care must be taken that material outside the channel ii

sheeting
uare, and
. Making
tools are

normal to bedding, are dug about
-end hammer or chisel and sledee
the grooves is often OictateO b-y

Figure 51. Underground mine, Dickenson County.

channel works
sheet. To keep
to the wall on e
samplers belt. The actual dimensions of the channel will

crushed to at least l}-inch mesh by light hammering. Thor-
ough mixing of the sample by hand shows up any contamina-
tion or oversized coal pieces. The sample is shaped into a
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conical pile by alternately lifting the edges of the plastic sheet
and (hen is evenly quartered. One quarter is discarded and ttre
remaining piles are individually placed into doubled-up, 4-
mil thick, polyurethane bags which are identified with a
unique sample numberand sealedwith twist-ties @gure 52).
One quarter is placed in the Virginia Division of Mineral
Resources coal repository, one is sent to the testing laboratory
for routine analyses, and one quarter is reserved for the U.S.
Geological Survey for ash and Eace-element analyses. Hand
samples are also obtained from ttre roof, floor, and signihcant
pafiing maierial at or near the sample site. These samples are
placed in the Virginia Division of Mineral Resources coal
repository.

Figure 52. Field preparation of a coal sample. Each bag is a
representative sample of the entire coal bed.

Upon completion of theactual sampling, adescription of
the coal and highwall is prepared (Figure 53). Field notations
are written concerning the sampled and unsampled units,
thickness of the total coal and pafiings, and variations of the
physical character of the coal" partings, roof and floor rock
over the area covered by the mine. Other data collected
include coal bed elevation and contacts, cleat development
and direction, banding, impurities, regional strike and dip,
mine name and identification number, map location, and
weather conditions. Often it is possible to construct a good
stratigraphic section by observing the rocks exposed in the
mine and talking to mine personnel about what they have seen
during mining and shot hole drilling.

After leaving tlre mine, the map location of the sample is
double checked and the altimeter is recalibrated aeainst a
known elevation as soon as possible.

Figure 53. Measuring a coal bed. Note cleaned coal face,
channel, and sample on plastic sheet.
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conicalpileby altemately lifting theedges of theplastic sheer
and then is evenly quartered. One quarter is discarded and ttre
remaining piles are individually placed into doubled-up, 4-
mil thick, polyurethane bags which are identified with a
unique sample numberand sealed with twist-ties (Figure 52).
One quarter is placed in the Virginia Division of Mineral
Resources coal repository, one is sent to the testing laboratory
for routine analyses, and one quarter is reserved for the U.S.
Geological Survey for ash and trace-element analyses. Hand
samples are also obtained from the roof, floor, and signihcant
parting material at or near tle sample site. These samples are
placed in the Virginia Division of Mineral Resources coal
repository.

Figure 52. Field preparation of a coal sample. Each bag is a
representative sample of the entire coal bed.

Upon completion of the actual sampling, a description of
the coal and highwall is prepared (Figure 53)" Field notations
are written concerning the sampled and unsampled units,
thickness of the total coal and partings, and variations of the
physical character of the coal, partings, roof and floor rock
over the area covered by the mine. Other data collected
include coal bed elevation and contacts, cleat development
and direction, banding" impurities, regional srike and dip,
mine name and identification number, map location, and
weather conditions. Often if is possible to construct a good
stmtigmphic section by observing the rocks exposed in the
mine and talking to mine personnel about what they have seen
during mining and shot hole drilling.

After leaving the mine, the map location of the sample is
double checked and the altimeter is recalibrated aeainst a
known elevation as soon as possible.

Figure 53. Measuring a coal bed. Note cleaned coal face,
channel, and sample on plastic sheet.


